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FOREWORD

1. PURPOSE.

a. This handbook prescribes technical standards, toler-
ances, and procedures applicable to the acceptance,
maintenance, and inspection of FAA-owned and leased
analog lines. It also provides information on methods and
techniques that enable maintenance and technical person-
nel to achieve optimal performance from the equipment
and transmission services. This order augments informa-
tion available in instruction books and other handbooks,
and complements the latest edition of Order 6000.15,
General Maintenance Handbook for Airway Facilities.

b. This handbook implements Configuration Control
Decisions (CCD):  NI13252, Modification to Form
6000-9, Two-Point Private Line Performance Record--
Voice Grade; N10386, Clarification of Leased Landlines
Standards and Tolerances; N10274, Change Order
6000.22, Maintenance of Two-Point Private Lines; and
N11284, Order 6000.22 (Chg 1-8) Maintenance of Two-
Point Private Lines.

2. DISTRIBUTION. This order is distributed to se-
lected offices and services within Washington headquar-
ters, the William J. Hughes Technical Center, and the
Mike Monroney Aeronautical Center; to the branch level
within the regional Airway Facilities divisions; and to all
Airway Facilities field offices.

3. CANCELLATION. This handbook cancels Order 6000.22,
Maintenance of Analog Lines, dated August 9, 1976.

4. MAJOR CHANGES. Major changes included in this
revised Order 6000.22 are:

a. An updated and revised list of the types of analog
lines used within the FAA.

b. A revised list of circuit parameters that includes
only those most useful and necessary in determining
overall circuit quality.

¢. A reduction in periodic circuit maintenance where
there is real-time and continuous monitoring.

d. Details on use of Automatic Line Test Equipment
(ALTE) and responders as well as acceptance of auto-
mated testing printouts.

e. Parameters and tolerances for composite analog
lines.

5. MAINTENANCE AND MODIFICATION POLICY.

a. Order 6000.15, this handbook, and the applicable
equipment instruction books shall be consulted and used
together by the maintenance technician in all duties and
activities for the maintenance of analog lines. These three
documents shall be used as the official source of mainte-
nance policy and direction authorized by Operational
Support. References located in the appropriate para-
graphs of this handbook entitled Chapter 3, Standards and
Tolerances, Chapter 4, Periodic Maintenance, and Chap-
ter 5, Maintenance Procedures, shall indicate to the user
whether this handbook and/or the equipment instruction
book shall be consulted for a particular standard, key
inspection element or performance parameter, perform-
ance check, maintenance task, or maintenance procedure.

b. The latest edition of Order 6032.1, Modifications to
Ground Facilities, Systems, and Equipment in the Na-
tional Airspace System, contains comprehensive policy
and direction concerning the development, authorization,
implementation, and recording of modifications to facili-
ties, systems, and equipment in commissioned status. It
supersedes all instructions published in earlier editions of
maintenance handbooks and related directives.

6. FORMS LISTING. Instructions for the use of the
following forms are contained in this order.

a. FAA Form 6000-14, Performance Record-Analog
Lines, will be used in acceptance and line performance
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validation. These forms are available as NSN 0052-00-
916-2000, unit of issue: PD.

b. Automatic Line Test Equipment (ALTE) and
vendor-generated computerized testing system printouts
may be filed alone or may be attached to FAA Form
6000-14 in station files.

(ua. / Qeloo—

George W. Terrell
Program Director for Operational Support

12/30/96

7. RECOMMENDATIONS FOR IMPROVEMENT.

Preaddressed comment sheets are provided at the back of
this handbook in accordance with the latest edition of
Order 1320.58, Equipment and Facility Directives-
Modification and Maintenance Technical Handbooks.
Users are encouraged to submit recommendations for
improvement. '
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CHAPTER 1. GENERAL INFORMATION AND REQUIREMENTS

100. OBJECTIVE. The objective of this handbook isto
provide the necessary guidance for the proper mainte-
nance and inspection of FAA analog transmission lines.
(The term analog refers to an electrica signal that varies
in amplitude or frequency depending on changes in the
intelligence input, generally an audible voice or tone.)
Use information available in instruction books and other
handbooks, together with this handbook to provide the
total information for maintenance of analog lines. This
handbook addresses the maintenance of analog trans-
mission lines between FAA demarcation (demarc) points
as shown in figure 1-1. FAA communications systems -
both leased and owned - provide a transmission utility for
the support of services (eg., air-to-ground radio communi-

cations between controllers and aircraft). Figure 1-1 below
depicts the area of coverage of this handbook, which is on
the transmisson media provided between the demarcation
points located within FAA facilities. The maintenance and
operation of the customer premise equipment (CPE) or
network terminating equipment (NTE) - both located on
the customer sde of the demarc - are addressed in other
FAA handbooks and publications. The term analog line
refers to the format appearing on the user sde of the
demarc (regardess of the transmission media used within
the network). In other words, an analog line is in analog
format on the user side of the FAA demarc.

101. RESERVED.

FIGURE 1-1. COVERAGE OF ORDER 6000.22A

User Equipment FAA Demarc

— Areaaddressed within Order 6000.22A —

Transmission Media

FAA Demarc

L In other FAA orders J

(LINCS, FTS2000, FAATSAT,
RCL, eic.)

User Equipment

L In other FAA orders J

SECTION 1. ANALOG LINE INFORMATION

102. SERVICE SPECIFICATIONSIN EFFECT.

a. LINCS and FAATSAT. Analog operational
lines are provided to the FAA under the Leased Inter-
facility National Airspace System Communications
System (LINCS) and FAA Telecommunications
Satellite (FAATSAT) contracts, currently with MCI
Telecommunications Corporation.  Although thex

Chap 1
Par 100

*

LINCS and FAATSAT contracts have provisions for
both analog and digital lines, this handbook only
addresses analog lines.

(1) VoiceGrade Type6 (VG-6) Lines. Typical
applications of VG-6 lines are to provide voice and low
bit rate data service (9.6 kilobits per second [kb/g], or
slower).
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(2) Voice Grade Type 8 (VG-8) Lines. Typical
applications of VG-8 lines areto provide voice grade data
support at speeds greater than 9.6 kb/s.

(3) The Defense Information  Technology
Contracting Office (DITCO) at Scott Air Force Base near
Belleville, Illinais, is the FAA's contracting office for
leased telecommuni cations.

(4) MCI will provide multipoint lines through
LINCS or FAATSAT when ordered by the FAA. MCI
can aso provide broadcast lines through FAATSAT, if
required. *

b. FTS2000. The Generd Services Administration
(GSA) manages the Federal Telecommunication System
(FTS2000) program for use by all dements of the United
States Federal Government. The GSA hasnational contracts
with AT&T and SPRINT to provide administrative tele-
communications for the government. The FAA uses the
AT&T contract to provide its adminigtrative communica-
tionslines and some sdlected operationd lines.

C. Other Leased Lines. Prior to FTS2000 and the
LINCS, the FAA obtained leased lines from numerous
vendors that provided almost 20 different types of analog
lines.

(1) Line Types. This handbook will document
other types of lines still being used by the FAA (eg.,
service type 1, and service type 5; C-conditioned types
1, 2, 3, and 4; and lastly D-conditioned types 1 and 6).
This category of other leased linesis rapidly shrinking in
guantity, aswell as variety. *

(2) LineConditioning. Within the FAA, there are
older exigting lines with C- or D-type conditioning but
no new conditioned lines will be leased. One method
used to improve the passband characteristics of a leased
telephone line and thereby increase the information
capacity of a telephone system is to provide special
conditioning on the line. To obtain high-speed data on
these few, older, non-LINCS voice-grade lines, attenua-
tion distortion, envelope-delay distortion, signal-to-noise
ratio, and harmonic distortion had to be controlled. The
first two (attenuation distortion and envelope deay
distortion) were controlled through C-conditioning and
the latter two (signal-to-noise ratio and harmonic distor-
tion) by D-conditioning.

Page 2
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d. FAA Owned Transmission Systems.

(1) RCL/LDRCL. The radio communications
link (RCL) microwave network is an FAA owned voice
and data transmission system procured to provide FAA
with cost-effective and reliable service for the NAS.
The RCL provides an interconnected national RCL
backbone network among ARTCC's. In addition to the
backbone RCL network, the low density RCL (LDRCL)
system provides local communications routes that tie
remote facilities (such as terminal radar) to the hub air
traffic control facilities or to the RCL backbone.

(2) Microwave and Cable Systems. There are
some regionally procured transmission systems that use
older FAA-owned microwave or cable (metallic or fiber)
between facilities. Standards, covering the lines these
facilities provide, are not included in this order but
should be provided by regional supplementsto this order.

(3) BWM. The bandwidth manager (BWM) net-
work isa FAA owned voice and data transmission system
that integrates the systems currently in use to provide a
unified network using T1 backbone trunks. BWM pro-
vides for consolidation of bandwidth requirements and
switched rather than dedicated services for efficient utili-
zation of available bandwidth. Each BWM node has the
ability to operate independently for fault isolation and
maintenance. In addition, the network has a centra control
center called the BWM Network Operations Center (NOC)
that provides enterprise wide troubleshooting and support
using a network monitoring and management system.

e. Composite Lines. Composite lines are end-to-end
analog lines made up of two or more line segments
provided by different suppliers or made up of two
individual lines connected together that appear on an
andog demarc and are cross connected at voice fre-
quency (vf) level. FAA composite lines may include
segments provided by some feasible combination of
several types of FAA-owned or leased lines. There are
numerous examples of types of composite lines but the
large majority is expected to be combinations of
LINCS and RCL/LDRCL segments. As an example, x
assume a voice frequency (vf) line on one RCL link is
tied to aline on another RCL link at an ARTCC to create
a vf line that goes from one facility through several RCL
links to a distant facility. If the cross-connect at the
ARTCC's is done at vf leve, the line is considered

Chap 1
Par 102
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composite. If, however, the cross-connect is done at the
T1 level or a the baseband level (as a group or sub-
group), this is not a composite line and should meet all
specifications and parameters for an RCL vf line. A
diagram of a type of composite line is shown in figure 1-
2 below. (The responder numbering scheme reflected in
this figure may differ from the numbering schemes used
in other regions.)

f. Multipoint Lines. A line that has more than two
termination points is caled a multipoint line. Typical
FAA applications that use multipoint lines are the voice

6000.22A CHG 1

interphone circuits used for coordination and hand-off
between controllers. There are data applications that
also use multipoint lines. See chapter 7 for a more
complete discussion on multipoint lines.

0. Broadcast Lines. A one way transmission line
with one source and multiple destinations is called a
broadcast line. The FAATSAT contract can provide
broadcast lines, although there are not currently any
analog broadcast lines planned.

103.-106. RESERVED.

FIGURE 1-2. COMPOSITE LINE DIAGRAM

RCL Repeater LDRCL or LINCS
ALTE and Drop & Insert RCAG

ARTCC with RCL
RCL Point (DIP)
Responder
No. 1

Responder
No. 2

SECTION 2. MAINTENANCE ACTIVITIES

107. SAFETY. Pasonne should observe all safety
precautions when working on equipment. For guidance
refer to the latest edition of Order 6000.15.

108. CERTIFICATION. There are no certification
requirements for leased or FAA-owned lines. Such lines
may be included as part of a certified system and would
then need to provide the required service for the system
being certified. These services using the leased or FAA-
owned lines are included in appropriate FAA equipment
orders.

109. COORDINATION OF MAINTENANCE AC-
TIVITIES.

a. Maintenance activities shall be coordinated with
operations personnel to preclude interruptions to Air

Chap 1
Par 102

Traffic Service. Sufficient advance notice shall be given
for maintenance activities so that, if required, appropriate
Notices to Airmen (NOTAM'S) can be issued. The in-
formation necessary for the preparation of such
NOTAM's shall be furnished promptly. Operations per-
sonnel should recognize the need for releasing equipment
for scheduled maintenance work and should offer their
cooperation to assure continuous and reliable operation.
Refer to the latest edition of Order 7210.3, Facility
Operation and Administration, for information on air traf-
fic and maintenance coordination requirements to effect
scheduled maintenance activities.

b. FAA technical personnel should notify the MCI
FAA Network Management Center (FAANMC) network
operations group or help desk before performing com-
pression testing, removing carrier from a VG-8 line, or
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initiating any planned effort on a LINCS line that will
cause alarms in the LINCS monitoring system. Examples
of such activities that might cause LINCS alarms are
power maintenance, modem maintenance on VG-8 lines,
switching a VG-8 line to the backup facility, or any
activity that will cause the LINCS Newbridge monitoring
equipment to sense an out-of-tolerance condition. See
table 1-1 for the MCI help desk telephone number.

110. REPORTING |IRREGULARITIES, INTER-
RUPTIONS, AND OUTAGES. After diagnostic testing
to assure that FAA equipment is not at fault, the System
Management Office (SMQO) manager or representative at
the control end of the line shall be responsible for
reporting the service difficulty.

a. LINCS and FAATSAT. The SMO manager or
representative shall contact the MCI LINCS help desk.

(1) The MCI LINCS and FAATSAT help desk
provides a single point-of-contact for real-time trouble
management of the entire LINCS and FAATSAT net- *
work. It is manned 24 hours a day, 7 days a week. This
group fields all user calls and provides first-level trouble
reporting and resolution assistance. The help desk initi-
ates and tracks requests for corrective action and ensures
that escalation natifications are conducted within con-
tractually set time parameters. The help desk also has the
capability to remotely conduct parameter checks on lines
within MCI and with other vendors that provide LINCS
lines. The technical assistance section within the help
desk coordinates restoration activities with the assigned
maintenance service organization. This technical assis-
tance section directs the service efforts that extend
between different maintenance organizations. They aso
verify that restored services meet network specifications
before returning them to active status.

(2) The MCI LINCS program management office
(PMO) network operations element within the LINCS
PMO network management function provides second-
level support by receiving troubles or questions that the
help desk is unable to answer.

(3) The MClI FAATSAT program management
office (PMO) network operations element within the
FAATSAT PMO network management function provides
second-level support by receiving troubles or questions
that the help desk is unable to answer.

(4) If there are questions that cannot be resolved

by the network operations element, the help desk obtains
third-level trouble assistance from the network engineer- ,
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% ing function supported by the network equipment pro-

vider.

(5) The LINCS national service management
element, within the MCI LINCS PMO, has direct
responsibility and accountability for LINCS performance.
Each FAA region has a regional service manager (RSM)
that reports to the national service manager (NSM). The
NSM is responsible for coordinating regional activities
between the LINCS PMO and the RSM’s.  The NSM
reportsto the LINCS PMO director.

1 The RSM’s play a critical role in managing the
ddiverables and performance of services to the FAA.
RSM’s provide peformance andysis of the network,
prioritizing FAA issues within MCI to direct MCI resources
onto high priority serviceissues based on their knowl edge of
FAA applications, operations, and organizations. Each
RSM reviews chronic troubles and makes escalations as
required. Each RSM collects and analyzes data relative to
their region and produces monthly status reports for review
with MCI operations and the FAA.

2 The RSM’s are responsible for screening all
maintenance requests, for both FAA and MCl requests. The
RSM’s determine the impact to the FAA and coordinate
with the FAA for natifications and approvals. In addition,
the RSM’s assist the FAA Network Management Center in
coordinating maintenance releases for LINCS dircuits for
both routine and emergency maintenance. RSM’s provide a
primary ongoing liaison function between the FAA regions
and MCl. The RSM'’s serve as primary contact for any
technical or adminidrative issues within their respective
regions.

(6) The FAATSAT national service management
element, within the MCl FAATSAT PMO, has direct
reponsibility and accountsbility for FAATSAT
peformance. The NSM reports to the FAATSAT PMO
director.

b. FTS2000. The Generd Services Administration
(GSA) isthe manager of service providers for the FTS2000.
GSA oversees management functions, ensures contract
compliance, and supports the FAA if problems should arise
with AT&T, the company supporting the FAA as the
FTS2000 service A provider. The FTS2000 contract
requires that both GSA and AT& T operate customer service
organizations.

(1) The AT&T customer service office (CSO) is the
first point of contact for FTS2000 network troubles and user
complaints. This24 hours per day, 7 days per week officeis

Chap 1
Par 109
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thefirst resource an FAA manager or his representative will
contact when in need of FTS2000 customer support.

(2) Call the GSA FTS customer satisfaction center
to escalate any problem already reported within
FTS2000. This office is open from 7 am till 9 p. m.
eastern time, Monday through Friday.

C. Other Leased Lines. For now, and in the very near
future, the FAA will continue to use a decreasing number of
leased lines provided by local exchange carriers (LEC's).
Reporting to, and coordination with these LEC's will be in
accordance with existing guidance and procedures.

d. RCL/LDRCL.

(1) For analog lines provided by the RCL or
LDRCL networks, the FAA is the serving company and
is responsible for service restoration. The microwave
links that comprise these networks utilize redundant rf
channels designated A and B, with one of these channedls
being used for service and the other for hot backup. In
normal operation, automatic switching isin place to sense
the loss of a channe and switch service to the backup
channel. However, a manual override is available to de-
feat the automatic switching. Should a service failure
occur, ARTCC personnel controlling the link will assess
the cause of the failure and exercise commands through
the ACORN Network Management System to restore the
service (ACORN is the name, not an acronym, for the
RCL network control system). ARTCC personne will
then notify the maintenance technician responsible for the
site that failed.

(2) Prior to any maintenance or repair action being
taken on an RCL link that will result in loss of a channdl,
ARTCC personnd will ensure that the service is protected
by verifying that the sandby channel is operating normally
prior to switching service to that channe. Note that the
switching action should be taken for both high density
terminals on either end of the link and for al drop and
insert point (DIP) stesalong the link, and that the switches
should be l€&ft in the manua mode (i.e. override automatic
switching). Upon completion of the maintenance or repair
action, ARTCC personnd should ensure that the repaired
channel is operating with no alarms, then set the switching
capability to the automatic mode.

e. BWM. For anaog lines provided by the BWM, the
FAA is the serving company and is responsible for service
restoration. The BWM has the capability to automatically

find the best route for voice and data traffic so restorations *

Chap 1
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may be accomplished with minimal or no interruption of
savice. The dngle point of contact for BWM network
troubleshooting will be the NOC. The FAA technicians
provide field level maintenance and restoration including
fault isolation and correction of sysem failures by
replacement of LRU's. Fidd maintenance does not include
LRU-levd disposition, verification, or repair. The FAA is
responsible for providing al depot levd maintenance
functions and second level engineering support, as required.
NET will provide a Technical Assistance Center (TAC) with
24 hours per day, 1-800 service for emergency technical
assistance for both hardware and software to be contacted
only by the NOC, AOS, or the BWM Program Office
Preventive maintenance is performed on-line, with no down
time, without interrupting service.

f. FAA Owned Microwave or Cable Nat Liged Above
Reporting outages and coordination of maintenance will be
in accordance with regional or SMO guidance.

g. Table 1-1 lists the telephone numbers to contact for
reporting trouble on FAA analog lines.

111. TROUBLESHOOTING.

a. Leased Lines For leased lines, troubleshooting
and repair are the responsibility of the serving company.
FAA personnd should ensure that FAA equipment or
interconnecting FAA lines are not at fault before report-
ing trouble to the serving company. FAA personne
should be prepared to support the serving company's
legitimate requests for assistance in troubleshooting and
fault isolation. Refer to the latest edition of Order
6030.41, Natification Plan for Unscheduled Facility and
Service Interruptions and Other Significant Events.

b. FAA-Owned Lines. Troubleshooting and repair
of FAA-owned lines will be conducted as specified in
this and other applicable manuals.

112. NAS CHANGE PROPOSALS. If an analog line
will not meet the standards and tolerances specified in
this handbook but must still be used, alocal NAS change
proposal (NCP) will be submitted. This NCP should
specify the usage and performance of the line on which
the NCP is submitted and provide a description of and
schedule for any efforts planned as a permanent resolu-
tion. Procedures for submitting an NCP are specified in
the latest edition of Order 1800.8, National Airspace
System Configuration Management.  Instructions are
contained in the front of NAS-MD-001, National Air-
space System Master Configuration Index.

Page 5



6000.22A CHG 1

8/10/1999

TABLE 1-1. CONTACTSFOR REPORTING TROUBLE

SERVICE PROVIDER

CONTACT

LINCSor FAATSAT

MCI LINCSIFAATSAT help desk at 1-800-68 LINCS (1-800-

685-4627). The automated menu will direct thecall to LINCS or
FAATSAT, asrequired. InaLINCSrdated emergency, when the help
desk isunreachable, call 1-800-293-5844, (919) 677-5696, or

the aternate LINCS help desk on (703) 414-9615. In aFAATSAT
related emergency, when the help desk isunreachable, call 1-888-

322-1728 or (919) 677-7705.
FTS2000

1. Reporting to AT& T 1-800-332-4387 or (703) 442-4387
2. Reporting to GSA (703) 760-7500

Other leased circuits

In accordance with existing guidance and procedures.

BWM BWM NOC at 1-800-655-5849 or (801) 320-2300/2377 (callsthe
BWM NOC, which ismonitored by both the SLC and ATL NOCs).
For emergency assistance through NET, call TAC at 1-800-638-0083.

RCL/LDRCL

In accordance with existing guidance and procedure.

113. PRECAUTIONSWHEN USING TEST TONES.
Test tones used in line maintenance are potentially
interfering and disorienting and may have negative
effects on human and equipment performance. If test
tones have not been properly blocked out from the
equipment sides of a line under test, they may cause
major irritation and disorientation of personnel still on
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the line. Follow specific procedures detailed in chapter 5
for when and where to apply test tones. Also, keeping
tones at or below maximum levels will help in avoiding
annoyance to personnel or causing interference in adja-
cent carrier channels.

114. - 199. RESERVED
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CHAPTER 2. TECHNICAL CHARACTERISTICS

200. PURPOSE. Analog communications lines are used
by the FAA to support both voice and data gpplications. This
chapter provides technical background on telecommunica-
tions lines as wel as the various techniques and measures

used in installation, performance testing, troubleshooting,
fault isolation, and restoration of analog lines.

201. RESERVED.

SECTION 1. TECHNICAL DESCRIPTION

202. SYSTEM OVERVIEW.

a. Human speech generates analog energy that moves
from the mouth of the speaker to the ear of the listener.
Telephones, radios, and other speech transmission
devices are designed to accept the input of the analog
wave generated by the sounds of speech, convert them to
electrical waves that have similar amplitude, and then
modulate a receiving device at the distant end that
reproduces the same analog wave generated by the
person who spoke. Equipment can also be controlled by
using a sequence of audio control tones or pulses. The
analog signal produced by either the speaker or the
control equipment is then transmitted to the remote
listener or equipment by a carrier system, which can use
either analog or digital technology.

(1) Analog transmisson carrier systems are pro-
vided by the FAA's RCL system and by one version of
the LDRCL systems. For limited distance applications,
analog transmissions will be routed over cable and wire
systems. A carrier system is used to transmit a number
of voice or signaling lines over a single transmission
facility. The total number of voice and signal lines that
may be handled over one carrier facility depends on the
design of the syssem. For example, the RCL carrier
system uses a frequency division multiplexer (FDM) to
provide up to 600 voice frequency lines. Both the RCL
and LDRCL have the capahility of being implemented
using digital technology with the RCL providing analog
and data above voice (DAV) while the LDRCL provides
analog or digital (DSL1).

(2) Analog signals can be digitized and then
transmitted over the increasingly more available digital
transmisson systems. The analog waveform is first
digitized by an analog-to-digital (A/D) converter using a
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technique called pulse code modulation (PCM). The
resulting digital bits of the converted waveform are
encoded and sent over the digital transmisson system.
At the receiving end, the digital signal is converted back
to the analog waveform by a digital-to-analog (d/a)
converter. The steps required to convert and transmit an
analog signal over a digital transmission system are
discussed below.

(a) A telephone or modem produces a voice
band analog signal that is band limited to 4000 Hertz
(Hz). Theresulting voice band amplitudeis sampled at a
rate equal to twice the highest information rate. Thisrate
of sampling is called the Nyquist rate. It has been
demonstrated that the minimum sampling frequency
required to extract all the information contained in the
original signal is two times the original signal band-
width. Thus, for this example, with a 4000-Hz band-
width for the voice signal, the Nyquist rateis 4000 x 2 =
8000. Thissignal is a series of pulses that follows the
amplitude of the analog waveform and is called a pulse
amplitude modulated (PAM) representation of the
original analog signal.

(b) Pulse code modulation (PCM) is an exten-
son of PAM. PCM is the most common method of
digitizing analog signals. This PCM sampling process
converts a vf analog line into a 64 kb/s standard rate
known as digital signal level zero (DS-0). PCM isatwo
step technique. Firgt the incoming analog signal is
sampled 8000 times per second. These samples are then
converted to pulses using the PAM process. In the
second step of PCM conversion, the amplitude of each
pulse of the PAM signal is converted to an 8-bit digital
pulse stream by an analog-to-digital (a/d) converter. The
resulting output is a digital representation of the pulse
stream and the sampled analog waveform. The signal-
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to-noise ratio is maximized by nonlinearly converting the
level of the PAM dgnal to digital values. Low amplitude
PAM dgnals are encoded to have a higher degree of
resolution to compensate for low level noise. Likewise,
higher amplitude PAM signals require less digital resolu-
tion because their noise levels are much less significant.
The output of the a/d converter is one of 256 possible
digital values represented in eght bits (2® = 256). The
eight bit PCM signal is then converted to a seria bit stream
for eventual digital transmission. The resulting rate of the
bit stream is 8000 Hz sampling rate of the PAM sgnal x
8 bits per sample = 64,000 hits per second, or 64 kb/s.

(c) Another extenson of PAM and PCM is
Adaptive Differential PCM (ADPCM), which can further
reduce the rate required to transmit voice to 32 kb/s. In
ADPCM, only the difference between the amplitude of the
preceding sample and the current sample is coded and
transmitted. Since the difference between sequential sam-
plesis less than the samples themsalves, the signal can be
represented using fewer bits. ADPCM aso further modi-
fies the bit stream to reduce the number of bits required
based upon the ongoing characteristic of data already
transmitted.

(d) Further compresson may be realized usng
VG-COMPRESSED coding. VG-COMPRESSED will be
16kh/s for the FAATSAT and 8kb/s, 9.6kb/s, or 16kb/s for
BWM. Coding techniques may be LDCELP (Low Delay
Code Excited Linear Prediction), VAPC (Voice Adaptive
Predictive Coding), or VQ (Vector Quantization).
LDCELP is a voice compression method that uses a back-
ward-adaptive analysis-by-synthesis algorithm defined by
ITU Recommendation G.728. This recommendation
defines a voice compression process where a backward
adaptation of gain and predictor values is used to achieve

an algorithmic delay of 0.625ms. Because of the total one *
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* way delay, the compresson of the input voice signal is

approximately 5 ms at 16 kb/s and 12 ms at 9.6 kb/s and
8 kb/s. VQ uses an optimized codebook of speech sam-
ples. It removesthe pitch from the incoming voice sample,
matches the resultant waveform to the codebook, and
sends the codebook index to the decompression resource.
The decompression resource uses this information to
reconstruct an approximation of the original voice sample.
VAPC uses a block coding process that combines vector
quantization with linear prediction in an adaptive structure.
The vector quantizer uses an optimized codebook to code
the difference between an input vector and a predicted
vector.

b. Transmission Impairments. Three variables affect
the adequacy of voice communications: level or volume,
noise, and bandwidth. For data communications, attenua-
tion distortion, envelope delay, phase jitter, and frequency
shift are also important.

(1) Level or Volume. Consider the simple tele-
communications line illustrated in figure 2-1. The
telephone or other network termination equipment
(NTE) converts the changes in air pressure of sound
waves from a speaker's voice to a varying electrical
current that is an analog of the acoustic signal. The
electrical characteristics of the line between the sending
and receiving instruments modify the electrical signal in
such a way as to reduce its volume (or increase its loss),
change the bandwidth of the signal, and may generate
extraneous signals such as noise, crosstalk, and distor-
tion. Loss is overcome by amplification in telecommu-
nications lines. But amplifiers or repeaters cause un-
desired side effects as well as the desired effect of offset-
ting loss. In addition to their cost, repeaters also add
distortion in the form of limiting bandwidth and adding
noise.

FIGURE 2-1. TYPICAL TELECOMMUNICATIONSLINE

Demarc

Leased Line

Demarc

Near End
Subscriber
or NTE

Page 8

or RCL/LDRCL

Distant End
Subscriber
or NTE
Chap 2
Par 202



8/10/1999

(2) Noise. Noise is defined as any unwanted
energy on aline. There are definite tradeoffs among the
various noise impairments and the quality of the signal
as perceived by the listener. The most important meas-
urement of noise is the signal-to-noise ratio expressed in
dB. Data signals exhibit an entirely different tolerance to
noise than do humans. A data signa might be satisfac-
tory in the presence of uniform steady hissing or white
noise that would be bothersome to humans. On the other
hand, impulse noise (clicks or pops) will destroy a data
signal on a line that might be satisfactory for speech
communications. Phase and gain hits are abrupt changes
in the phase or amplitude of a received sinusoidal wave.
The three primary sources of line noise are external
sources (power lines, lightning, nearby electrical appara-
tus, and crosstalk from adjacent telecommunications
lines); thermal noise developed within the telecommuni-
cations equipment; and distortion generated by non-
linearity in line elements, primarily amplifiers. The
small imperfections in an amplifier's transfer character-
istics distort the amplified signal so that extra signal
components appear in the output signal; this is aggra-
vated by operating the amplifier beyond its design
capability.

(3) Bandwidth. Bandwidth is the line attribute
that, along with frequency response, controls the
naturalness of transmitted speech. Aswith leve, thisisa
subjective evaluation. The human ear can detect tonesin
the range of 20 to 16,000 Hz, but because the voice has
little energy component below 300 Hz or above 3,500
Hz, a telephone line that transmits a band of frequencies
in this range is quite adequate for voice communications.
Telephone receivers have been designed to be most
sensitive to the frequencies between 500 and 2,500 Hz
because research has shown that most of the frequency
components of ordinary speech fall within this range.
Because of the difficulty of constructing filters and
amplifiers with uniform transmission at all frequencies
within the pass band, the high- and low-frequency ends
of the transmitted spectrum suffer more loss or attenua-
tion than frequenciesin the center of the band.

(4) Attenuation Distortion. Telecommunications
lines rarely have a perfectly flat response across the voice
frequency band. Lines can be brought into close
tolerance by the addition of equalizers where the cost of
the treatment isjustified by the demands of the service.

(5) Envelope Delay Digtortion. The design of
amplifiers and multiplexers requires components that
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introduce varying amounts of delay to different frequen-
cies within the voice frequency (vf) passband. For exam-
ple, a vf sgna near the center frequency of a vf passband
filter will trandt through that filter much faster than a vf
signa near the band edge of thefilter. This characterigticis
known as envelope delay. Data signals are composed of
complex vf tones. Envelope ddlay results in these tones
arriving at the receliver at different times, resulting in a
sgna a the receiver that is not identical to the original
sgna. Deay equaizersin the line or terminal equipment
are used to compensate for envelope delay.

(6) Phase Jitter. Phase jitter is defined as the un-
wanted change in phase or frequency of a transmitted sgnal
due to modulation by ancther Sgnal during transmission. If
a smple snusoid frequency is frequency or phase
modulated during transmission, the received signal will have
Sdebands. The amplitude of these sidebands compared to
the recaived signal is a measure of the phase jitter imparted
toit during transmisson. Phasejitter ismeasured in degrees
of variation peak to peak for each hertz of transmitted signal.
Phase jitter shows up as unwanted variations in zero
crossings of areceived sgnal. Sinceit isthe zero crossings
that most data modems use to digtinguish marks and space,
the higher the data rate, the more jitter can affect the error
rate of the receved hit stream. Modulation components
defined asjitter usually occur close to the carrier from about
0 to £300 Hz maximum.

(7) Frequency Shift. Frequency shift is caused by
carrier drift within a transmission facility and will be
apparent because its affect is to cause the carrier to drop
out of sync. When the carrier is sync locked to the
network pilot or clock the frequency will not shift more
than the levels required in Chapter 3. If the carrier is not
synced, the frequency will shift out of specification. Any
observed frequency deviation greater than the specified
levelsis cause for the line owner to be notified.

203. ANALOG TRANSMISSION SERVICES.
a. Decibel.

(1) The decibd (dB) is a logarithmic unit that
describes a ratio. Voice frequency lines are designed
around the human ear, which has a logarithmic response to
changes in power. Therefore, in tephony the decibd, a
logarithmic rather than a linear measurement, is used as a
measure of relative power between lines or transmission
level points. A change of 1 dB is barely perceptible under
ideal conditions. Increases or reductions of 3 dB
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result in doubling or halving the power of a line and
are readily detectable to the average listener's ear.
This is a good figure to remember: doubling the
power means a 3-dB gain; halving the power means a
3-dB loss.

(2) Consider a power ratio. The number of
decibels (dB) = 10 logy (the ratio between the input
and output power levels). Asaformulathisiswritten:

number of decibels = 10 logyq %
2
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where P; is the measured power level and P; is the
reference power level.

(3) When a line has 10 dB of attenuation, it
means the output power is only one-tenth of the input
power. If theinput power is1 milliwatt (mW) and the
output power is 0.1 mW, the line loss is 10:1. The
power ratio is 10 to 1 and the attenuation is 10 dB. It
is useful to make simple calculations concerning
decibels without needing pencil and paper. Consider
the relationship of power ratios and decibels shown in
table 2-1.

TABLE 2-1. RELATIONSHIP OF POWER RATIOSAND DECIBELS

Power Ratio dB

100 (10) +10
10 (100) +20
10°  (1,000) +30
10 (10,000) +40
10°  (100,000) +50

10°  (1,000,000) +60

Power Ratio dB
10" (1/10) -10
10%  (1/100) -20
10°  (1/1,000) -30
10*  (1/10,000) -40
10°  (1/100,000) -50
10°  (1/1,000,000) -60

b. Basic Derived Decibel Units.

(1) dBm. Where dB specifies a relative power
ratio, dBm specifies an absolute power level. By defini-
tion dBm is a power level referenced to 1 milliwatt (mW)

power (mwW)
1mw
in which 0 dBm =1 mW. The formulaiswritten:

Power (dBm) =101log

For example, an amplifier with an output of 20 W has an
output in dBm of:

Power in dBm=10Ilog 20W
1mw

20" 10° mw

=101
o 1mw

=+43dBm

The plus sign in this answer indicates that the leve is
above thereference, 0 dBmor 1 mW.

(2) dBmOQ. The notation dBmO is an absolute
power level and is used to indicate the power level
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reading relative to O TLP, or what it would read if
corrected to account for gains or losses. Thus a dBm
reading of -6 dBm at a +7 TLP (transmission level point)
would be corrected to a - 13 dBm0. (- 6 dBm -[+7 TLP|
=-13dBmQO)

(3) dBRN. Noise is measured with respect to a
reference noise level of -90 dBm or 1 picowatt (pW) or
one-trillionth (10™2) watt. Thislevel, defined as 0 dBRN,
is a the threshold of human audibility. Noise level is
expressed in decibels above this reference noise as
dBRN. In general, for broadband noise, dBm = dBRN -
90 or dBRN = dBm + 90.

(4) dBRNC.

(a8) Not only the level but also the frequency of
noise determines its interfering effects on human per-
ception. If noise is evenly distributed across the voice
frequency band (called white noise) the noise in the 500-
to 2500-Hz range will be more annoying to the listener
than low and high frequency noise because both the ear
and the telephone equipment are more sensitive to these
middle frequencies. To compensate for this, noise is
measured through a C-message weighting filter. This
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filter, shown in figure 2-2, passes noise in roughly the
same proportion as the sengitivity of the human ear.

(b) The notation dBRNC is used when the C-
message weighting network is employed (see paragraph
207¢(2) on C-message weighting). A notation of 30
dBRNC indicates that the noise level has been C-

6000.22A CHG 1

message weighted and is 30 dB above the reference
noise level. White noise over a 300- to 3000-Hz band-
width, when C-weighted, results in about a 2 dB reduc-
tion. Thus, a white noise signal at 0 dBm produces a -2
dBm, or 88 dBRN, C-weighted signal. If the white noise
power is -60 dBm, the C-message-weighted noise is -60
+(90 - 2) = 28 dBRNC.

FIGURE 2-2. C-MESSAGE WEIGHTING RESPONSE CURVE
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(5) dBRNCO. When noise is measured at a zero
level TLP, or mathematically adjusted to azero TLP, it is
expressed as dBRNCO.

C. Zero Transmission Level Paint (0 TLP).

(1) The signal power level of analog lines must be
limited so that it resembles the average telephone voice
power that is being carried on a line within the telecom-
munications network. This control is necessary to avoid
signal distortion from carrier overloading, which in turn
may cause noise and crosstalk. When measuring various
transmisson parameters, it is sometimes necessary to
describe the power present at a particular point in aline
and compare this power to the power present at other
pointsin theline. The power present at a particular point
in aline depends on the power at the source, and the loss
or gain between the source and that point. Since this
information is not always available, it is convenient to
describe the power present in the line by comparing it to
some standard reference point. The reference point for
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measuring power is caled the zero transmission level
point (O TLP).

(2) Using the zero TLP concept, the power present
at apoint in alineis described by stating what this power
would be if it were measured at the zero TLP. The unit
used to describe the power referred back to the zero TLP
isdBmO. For example, thevalue - 13 dBmO signifies that
- 13 dBm was measured at the zero TLP, or that it would
measure - 13 dBm if the power measured in a line were
corrected to account for the gains or losses between the
zero TLP and the point of measurement.

(3) 0,0 TLP indicates that there are two reference
points, between which there will be no loss or gain in
signal power (unity gain/zero loss circuit). One TLP
reference point would be at each of the two terminating
FAA/TELCO demarcs on aline. The same levels would
be measured at each demarc. Thisis done to standardize
levels and facilitate faster and easier linerestorals and, in
the case of composite lines, to enable interconnection
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with no requirements for adjustment by active or passive
eements. The FAA trandtion to 0,0 TLP permits
rerouting with no realignment or eguipment changes.

(4) Table 2-2 is an example of a line with actua
measurements of signal and noise values at several
points in the line. It shows a line in which the signal
flows from left to right and the level of the signal (or test
tone) is measured in dBm at each point in the line. The
signal experiences no loss over the leased line. Noise is
also measured (in dBRNC) at each point in the line. In
this example, there is a 2-dB increase in noise along the
leased line.

d. Power Level on Linesand Test Tones.

(1) The tdecommunications industry has estab-
lished standards to prevent network degradation created
by customer premise equipment (CPE). To comply with
FAA and industry standards and provide customers with
the greatest dynamic range, the maximum sustained level
on any FAA-leased analog service cannot exceed - 13
dBm averaged over a 3-second period. The interface
signal levels must be controlled to prevent transmission
facility overload. Test parameters should specify that
test tones used in line performance should not exceed a
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level which will produce a- 13 dBmO level averaged over
3 seconds during actual in-service conditions.

(2) In order for lines to operate at their optimal
system performance, and for recorded test data to be
valid when compared to actual in-service conditions, it is
important that the average transmitted level be as close as
practical to - 13 dBm at the O TLP. A transmitted leve
lessthan - 13 dBm might cause these undesirable results:

(a) Signal-to-noise ratio decreased by the same

amount as the transmitted carrier signal is below - 13
dBm.

(b) Impulse noise margin effectively reduced by
the same amount as the carrier level is below - 13 dBm.
Quantizing is the means by which a digital facility
samples a signal and assigns a digital code to represent
the amplitude (power) of that signal. Digital quantizing
within the private network is designed for optimum
operation at - 13 dBm. A lower signal power level may
result in a less than perfect reproduction of the quadra-
ture amplitude modulation (QAM) phase changes in
high-speed data modems.

204.-219. RESERVED.

TABLE 2-2. TLPEXAMPLE

Audio | I I Termina

Signd 7 dB Pad leased line 9dB Pad | Equipment

Input | l Signd
OTLP OTLP Input

TLP +7 0 0 -9 TLP

dBm -6 -13 -13 -22 dBm

dBmoO -13 -13 -13 -13 dBmO

dBRNC 20 13 (2-dB noiseincrease) 15 6 dBRNC

dBRNCO 13 13 (2-dB noiseincrease) 15 15 dBRNCO

SECTION 2. DESCRIPTION OF SERVICES.

220. PERSPECTIVE. This handbook addresses the
maintenance of analog lines between FAA demarcs and does
NOT address maintenance of lines within the FAA fadlity
that carry the sarvice to the terminating equipment. In
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gened, the interface between FAA equipment and analog
lineswill be covered in specific equipment handbooks.

221.-229. RESERVED.
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SECTION 3. ANALOG PERFORMANCE AND TEST PARAMETERS

230. PARAMETERS USED IN ANALOG MAINTE-
NANCE AND TESTING. In general, an analog line is
either operating normally, is operating with degraded
transmission quality, or is completely out-of-service.
Maintenance of analog lines involves the identification
and monitoring of specific key performance parameters.
Lines are monitored to identify statistical degradation
over time and to help avoid and detect line outages.
Anaog lines are also monitored so that contractual
obligation can be identified to the communications
provider if the line does not comply with system
performance specifications. The following discussion of
performance and test parameters pertains to both
operational line monitoring (in-service monitoring) or
when an analog line is taken off-line for maintenance
(out-of-service monitoring and testing).

a. 1004 Hz Net Loss. This parameter is a measure of
the overall loss or gain of a signal from one end of the
line to the other. Measurement of net loss has tradi-
tionally been made by transmitting a 1000-Hz test tone
and measuring the level of the received tone. The
frequency 1000 Hz was chosen since it is roughly in the
geometric center of the nominal vf line passband of 300
to 3,400 Hz. (The lower limit is approximately 1/3 of
1000 Hz, and the upper limit is approximately 3 times
1000 Hz.) With the advent of pulse code modulation
used when a voice frequency line is sent digitally, the
frequency used for net loss was changed to 1004 Hz.
Since the pulse code modulation scheme digitizes the
signal by sampling at a rate of 8000 Hz, if the test tone
frequency was exactly 1000 Hz, the same analog value
would be sampled at the same eight points on the 1000
Hz sinewave. Use of such atest tone would not exercise
the full range of the a/d and d/a converters used to
transmit the analog signal in a digital format. The offset
of 4 Hz ensures that the a/d and d/a converters are
properly trandating the test tone level.

(1) Net loss should be maintained at proper levels
to ensure optimum signal performance. If net loss is too
high (signal levels too low), signal performance can be
degraded by the presence of noise on the line, resulting in
a lower signal-to-noise ratio than desired. If net loss is
too low (signal levels too high), signal performance can
be degraded primarily by distortion. Excessive signal

Chap 2
Par 230

levels can overload lines, and can cause crosstalk or in-
terference with other lines.

(2) For lines implemented with analog equipment,
improper net loss is usualy the result of improper
adjustment of an active component (eg., amplifier),
improper loss through passive components resulting
from failed components, or improper connections. For
lines implemented with digital format, improper net loss
may result from improper settings of transmit and/or
receive levels on the channel bank line card, or due to
failed components on the channel bank line card.

b. Attenuation Distortion. Thisisa measure of the
change in net loss as the frequency of a signal on the
line varies across the voice frequency (vf) bandwidth. It
can be measured using a 3-tone slope, which compares
the receive levels of tones transmitted at 404 and 2804
Hz relative to the net loss at 1004 Hz, or by sending a
series of test tones at 100-Hz intervals throughout the
passband of the line and noting the receive level of each

frequency.

(1) Minimizing attenuation distortion ensures
accurate reproduction of a vf signal composed of energy
at numerous frequencies.  Minimizing attenuation
distortion is particularly crucial for lines carrying high-
speed data traffic.  High-speed modems generally
transmit a carrier signal, which is modulated in some
fashion that results in the signal energy occupying a
relatively wide bandwidth. If all frequencies within this
bandwidth are not attenuated equally, the modulation of
the carrier at the far end will be altered due to the shift-
ing levels of the various frequencies that make up the
modulated carrier.

(2) For lines transmitted via analog equipment,
improper attenuation distortion is most often the result of
failure in filters that set the line passhand. Generally,
there are no field adjustments available to correct or
improve filter passband characteristics. As a result,
excessive attenuation distortion is normally corrected by
replacing the module or assembly containing the filter
that has failed. For lines transmitted in digital format,
improper attenuation distortion is most often the result of
failed filter components on the channe bank line card.
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(3) Theattenuation of atransmission lineis not flat
with frequency, but tends to vary as the square root of the
frequency. Attenuation distortion is caused by high
frequency components in a signal experiencing greater
attenuation than lower frequencies as the signal travels
down atransmission line.

c. Signal-to-C-Notched Noise Ratio. When noise
measurement units were first defined, it was decided
that it would be convenient to measure the relative
interfering effect of noise on the listener as a positive
number. A level of a 1000-Hz tone at - 90 dBm or
10" W (1 pW) was chosen by the U. S. Bell System
as a reference because a tone whose level is less than
-90 dBm is not ordinarily audible. Such a negative
threshold meant that all noise measurements used in
telephony would be greater than this number (i.e,
positive). The noise measurement unit is the dBRN.
(0 dBRN = -90 dBm at 1000 Hz, RN standing for
reference noise.)

(1) The telephone set in early (1940's) use in
North America was the Western Electric 144 handset. A
more sensitive handset (500 type) that came into use
later gave rise to the C-message line weighting curve and
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its companion noise measuring unit, the dBRNC. The
reference level of - 90 dBm was retained.

(2) C-Message Filter. The C-message filter is
used to measure idle channel noise present on a line in
the absence of a signal. It provides a -5 dB passband
between 600 Hz and 3200 Hz. It also sharply attenuates
low frequency components, such as 60 Hz and its har-
monics (usually related to power lines or power generat-
ing equipment), and high frequency components above
3200 Hz. (Seefigure 2-2.)

(3) C-Notch Filter. Elements in a nework
transmisson system that are active only when the line is
active can generate noise.  This noise is tested in the
presence of a 1004 Hz test tone. To measure the resultant
noise, a notch filter is used to remove the test tone by taking
the C-message filter and adding a 50 dB stop band (notch)
between 995 Hz and 1025 Hz. An ideal C-notch filter
responseis shown in figure 2-3.

(4) Three-kHz Flat Filter. The 3-kHz flat filter
allows measurement of low frequency noise like power
induction. See figure 2-4 for the shape of the response
for thisfilter.

FIGURE 2-3. C-NOTCH FILTER RESPONSE CURVE
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FIGURE 2-4. 3-KHZ FLAT FILTER RESPONSE CURVE
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(5) The signal-to-C-notched noise ratio parameter
expresses in decibels the amount by which a signal level
exceeds its corresponding noise.  To measure this pa-
rameter, a 1004-Hz test tone at normal tone level (- 13
dBmoO) is transmitted on the line. At the receiving end, a
test set measures the levd of the received tonein dBm. A
test st measures the total signal power on the line (tone
plus noise power), but since the noise power is normally
20 dB or more below the tone power, the contribution of
the noise power to the total power is insignificant.
Following this measurement, a C-notched noise meas-
urement is taken. For this measurement, the test set is
configured to read noise (in dBRNC) and the test set
inserts a very sharp, notch filter that attenuates the test
tone (1004 Hz) by at least 50 dB. Asaresult, the test set
measures only the noise power present on the line while
a tone is being transmitted on the line. This reading
gives the C-notched noise power in dBRNC. To com-
pute signal-to-C-notched noise ratio, add -90 to the
signal power reading (to get power referenced to the
same level as the noise power), and take the algebraic
difference (in dB) between the converted signal power
and the noise power reading. Note that the signal and
noise are measured at the same TLP.

Example: A four-wire line has an end-to-end loss of 16
dB. With a 1004-Hz, 0-dBm tone applied to the ling, a
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C-notched noise reading of 38 dBRNC is obtained. What
isthelin€ s signal-to-C-notched noise ratio?

Calculate the C-notched noise: 38 +(-90) = -52 dBm
Signal-to-C-notched noiseratiois. -16 -(-52) = 36 dB

(6) Signal-to-C-notched noise ratio is one of the
primary indicators of overall line performance, particu-
larly for data lines. For any particular modem modula-
tion scheme, there is a minimal signal-to-noise ratio that
must be maintained in order to prevent bit errors. As
signal-to-C-notched noise ratio decreases, modems will
begin to have bit errors, with the error rate increasing as
the ratio decreases.

(7) Poor signal-to-C-notched noise ratio can be the
result of several problems. The ratio may be low be-
cause the received signal is low, due to excessive line
loss. Net loss can be checked to determine if thisis the
source of the problem. If net loss is not excessive, poor
signal-to-C-notched noise ratio may be due to excessive
noise. For lines transmitted via analog equipment,
excessive C-notched noise may be due to excessive idle
channd noise. If idle channd noise is normal, excessive
C-notched noise may be caused by excessive distortion of
the signal. Any distortion of the 1004-Hz test tone
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causes signal energy to appear at harmonics of 2 kHz
and 3 kHz, which is not removed by the notch filter. This
cause of poor signal-to-C-notched noise ratio can be
verified by performing a check of the line's intermodul a-
tion distortion. For lines transmitted via digital equip-
ment, poor signal-to-C-notched noise is mogt likely due
to excessive distortion of the signal, either due to input
levels to the channd bank line card being too high, or
possibly due to failures in the analog line on the channel
bank line card at either end. A poor signal-to-C-notched
noise ratio may also be caused by introducing the signal
at toolow alevd.

(8) As an example, assume a voice frequency (vf)
line that has a constant level of white noise from 300 Hz
to about 3000 Hz. If anoise leve reading is taken with
no filter inserted, there will be some noise level, say 30
dBRN. If a C-message filter is inserted, the meter
reading will drop by 1.5 dB, resulting in a noise reading
of 28.5 dBRNC. Note, however, that the 1.5 dB is not a
constant or conversion factor between dBRN and
dBRNC, athough many references make it sound as
such. The difference between a noise reading in dBRN
and dBRNC can vary greatly depending on the character-
istic of the noise spectrum. If it is a vf line with a heavy
concentration of noise in the midband, say from 1 kHz to
2 kHz, the reading in dBRN and dBRNC might not be
different at all. If, however, it is a vf line with most of
the noise power at very low frequencies, say 300 to 500
Hz, the difference between the reading with and without
the C filter could be 5 dB or more. 0 dBRNC is consid-
ered to be equal to -90 dBm. Thus, when it is necessary
to convert the power of a test tone from dBm to dBRN or
dBRNC for computation of a signal-to-noise ratio, the
conversion factor is 90.

d. Noise. Idle channe noise is the total ambient
power that exists on a voice frequency line. To ensure
that no input signals are present, the input to the line is
terminated in the line's characteristic impedance, which
is normally 600 W. With the input terminated, the total
ambient power is measured at the output. This ambient
power level could be measured in dBm, just as signals
and test tones are measured, but this would normally
give a very large negative number. To avoid this, noise
power is normally measured using dBRN, which is the
power level in dB reative to the reference noise level of
-90 dBm or 1 picowatt. This noise power level indicates
the total noise power in theline. As a better indicator of
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potential for interference with traffic on the line, the
noise level is normally measured through a C-message
filter. This filter attenuates noise near the upper and
lower frequency limits of the vf passband, since noise
near the edges of the band does not impair line perform-
ance as much, both for voice and data usage. When the
line noise power is measured through a C-message filter,
thelevel isexpressed in dBRNC.

(1) Excessive noise can obvioudy interfere with
the desired intelligence on a line and is also a substantial
distraction to the user when signals are not present. For
VOIiCe usage, excessive noise can cause words or conver-
sation to be unintelligible. For data usage, the excessive
noise is added to the modulated carrier, and appears as
noise on the demodulated output, which can result in bit
errorsif the noise level istoo high.

(2) For lines transmitted via analog equipment, the
idle channel noise on a line is normally the result of
inherent noise existing at amplifier inputs combined with
noise induced from external sources. Excessive noise can
be the result of faulty amplifiers or transmission equip-
ment (e.g., microwave radio), or excessive pick-up of
electromagnetic interference (EMI), either due to a new
or increased source of EMI, or due to an improper or
failed grounding and/or shielding of equipment. When
analog lines are transmitted by digita transmission
media, idle channel noise is normally caused by quantiz-

ing.

(3) Phaseand gain hits are transient noise phenom-
ena that are classified as abrupt changes in the phase or
amplitude of a received signal’s sinusoidal wave. These
noise spikes have a low value of energy per pulse but
because of their short time duration and high peak
amplitude, they can interfere with the signal. A noise
spike is considered impulse noise if it lasts less than 4
milliseconds. The counting thresholds established for
measuring these phenomena are set at levels that just
cause data modem errors.

e. Intermodulation Distortion (IMD). This is a
measure of distortion resulting from the line having an
output characteristic that is not a perfectly linear repro-
duction of theinput signal.

(1) The telecommunications industry has adopted
intermodulation distortion (IMD) as the standard method
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to check for nonlinear line performance. If two tones are
applied to a line that is nonlinear, the output will contain
not only harmonics of the original tones, but signals at
frequencies that are combinations of the two input
frequencies. These signals are called intermodulation
products. The standard IMD test transmits four tones: an
A pair, 6 Hz apart, centered at 860 Hz; and a B pair, 16 Hz
apart, centered at 1380 Hz. The four tones are all sent at
the same level, and the transmission level set on thetest set
(e.g., - 13 dBm) is the power level of the composite signal
of the four tones. At the receive end, the test st monitors
for second and third order intermodulation products. The
second order products are B-A centered at 520 Hz and
B+A centered at 2240 Hz. The signal power in these
products is monitored by narrow passband filters that
prevent idle channe noise from contributing to the reading.
The third order product is 2B-A, centered at 1900 Hz,
which is a'so monitored through a narrow passhand filter.

6000.22A

The test st displays the levd of the intermodulation
products relative to the level of the composite four-tone
test signal. As an example, if the level of the test signal
being received is - 13 dBm, and the second order IMD is
measured as - 32 dB, thisindicates that the total power of
the second order intermodulation products measured was
- 45 dBm. Figure 2-5 depictsthe IMD products.

(2) Nonlinear distortion is generally not critical to
lines used for voice traffic. Distortion levels would have
to be very high to impair conversation. For data traffic,
however, particularly for modems that use sophisticated
modulation schemes to send very high data rates,
nonlinear distortion can cause bit errors.

(3) Excessive IMD is most often due to distortion
in signal amplifiers but can also occur if signal levels
applied to an amplifier aretoo high.

FIGURE 2-5. INTERMODULATION DISTORTION PRODUCTS
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f. Envelope Delay Distortion. This parameter isalso
sometimes referred to as group delay distortion. It isa
measure of how much a signal is distorted due to varia-
tions in the time it takes for different frequenciesin the
vf passband to travel between two points. To measure
envelope delay, the transmit test set amplitude modu-
lates, in turn, frequencies within the band of interest.
The test et at the far end receives the amplitude-modu-
lated carrier and demodulates it to recover the modulating
tone. This recovered tone is then used to modulate a
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fixed-frequency carrier (normally 1804 Hz), which is
transmitted back to the test set at the transmit end. The
transmit end test set receives the 1804-Hz carrier and
demodulates it to recover the modulating tone. The
phase of this recovered tone is then compared to the
phase of the oscillator used to generate the original
modulating tone. Based on the phase difference between
the oscillator generating the modulating tone and the
recovered tone, the test set at the transmit end displays a
delay, normally in microseconds (), which is the time
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it took the signal to travel to the far end and return. As
different frequencies are sdected, the test set at the
transmit end changes the frequency of the carrier used to
transmit the modulating tone. The modulating tone is
always returned to the transmit end, however, using the
same 1804-Hz carrier. As a result, the return time is
always the same. Any change in the round-trip delay as
the frequency is changed is due to variations in propaga-
tion time of the signal from the transmit end to the far
end. Once the absolute envelope delay times have been
measured for several frequencies across the band of
interest, envelope delay distortion is determined by
taking the difference between the longest and the
shortest delay times. For example, if all frequencies
had the same absolute delay time, envelope delay dis-
tortion would be zero, since all frequencies in the band
of interest propagate through the line in the same
amount of time,

(1) Envelope delay distortion is normally not a
problem with lines used for voice communications only.
Excessive envelope delay, however, can cause data lines
to experience errors. If all the frequencies in the spec-
trum of a modulated carrier do not arrive at the far end at
the same time, the carrier received at the far end is
distorted due to the phase shift between the different
frequencies that make up the carrier.

(2) Excessive envelope delay is normally the result
of problems in vf passband filters, whether the line is
transmitted via analog or digital equipment. In order to
prevent interference with other lines (analog equipment)
when the signal is sampled by the a/d converter (digital
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equipment), the vf signal applied to a transmission
system is normally passed through filters that limit the
passband to 300 to 3000 Hz or something similar. In
addition to attenuating signals near the edge of the
passband, filters also tend to dow down signals near the
edge of a passband. Most of the envelope delay seen on a
vf line is normally due to these passhand filters.
Normally, there is no provision to adjust such filters, so
excessive envelope delay distortion is corrected by
replacing the line card or module that has the bad filter on
it. Note also that envelope delay is cumulative. For
example, assume that a vf line goes from point A to point
BviaaTlline. At point B, the vf line (in analog format)
is patched to another T1 line and sent to point C. Each
pass through a channd bank line card (which has vf
passband filters on the transmit and receive side of the
analog portion of the card) contributes additional enve-
lope delay distortion to the signal. Thus, the envelope
delay distortion measured from point A to point C for this
line would be about twice as bad as the delay distortion
measured from either A to B or from B to C.

g. Phase Jitter. Phase jitter is any variation in the
phase of asignal, as shown in figure 2-6. This parameter
measures the ability of a line to accurately reproduce the
phase of an input signal. As an example, assume a 1004-
Hz tone is applied to a line. At the far end, a frequency
counter verifies that the output signal is precisey 1004
Hz. Thus, the line is accurately reproducing the input
frequency. As a check on the phase of the output signal,
however, assume that the output signal and the output of
a precise 1004-Hz oscillator are put in to a phase com-
parator that indicates the phase difference between the

FIGURE 2-6. PHASE JITTER
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two inputs. Since both inputs are at the same frequency,
the average phase difference must be zero. The instanta-
neous phase difference, however, may not be zero, and
may vary back and forth between positive and negative
values. Phase jitter is normally specified in degrees peak-
to-peak. Asan example, if the test set indicates that the
jitter is 10 degrees, the phase difference between the line
output and a precision oscillator is varying back and
forth between +10 and -10 degrees. Jitter test sets also
normally measure jitter over a specified bandwidth.
Twenty to 300 Hz is a bandwidth commonly used to
measure jitter since that band encompasses the 60-Hz
power frequency that often interferes and causes jitter on
communications lines. This means that the output of the
phase comparator is passed through a filter that elimi-
nates phase jitter less than 20 or more than 300 Hz
before the peak-to-pesk jitter is measured.

(1) Jitter is not a problem on lines used for voice
communication only. For lines used to send data,
however, excessivejitter can cause hit errors.

(2) Jitter is most often caused by interference from
60-Hz power sources. Common sources of jitter aripple
on power supply voltages and pickup of 60 Hz in areas
where cabling runs near 60-Hz power distribution.

h. Impulse Noise. This parameter monitors for
intermittent strong pulses of noise or interference. To
measure impulse noise, a test set is connected to measure
the noise on aline. A threshold noise leve is set on the
test set. Any time the measured noise level goes above
this level, the test set will increment a counter that is
initially set to zero. While noise pulses can be counted
for any length of time, a period of 15 minutes is nor-
mally used. At the end of 15 minutes, the counter
reading on the test set indicates the total number of noise
pulses received that exceeded the threshold setting
during the 15-minute (or other period) interval.

(1) Low amounts of impulse noise are normally
insignificant on lines used for voice only. Frequent
occurrences of relatively high noise pulses, however, can
make conversation difficult to understand. For data
lines, noise pulses can cause bit errors. As a general
rule, the more sophisticated the modulation scheme used
to transmit data, the lower the level of noise pulses that
can cause bit errors.
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(2) For lines transmitted via analog or digital
equipment, impulse noise is most often the result of
interference picked up from outside sources. As an
example, switching heavy eectrical machinery on and
off can induce noise spikes in analog lines if the analog
lines are in the vicinity of power lines supplying the
machinery. Spikes on commercial power systems, which
can have any number of sources, can cause spikes of
noise on analog lines if equipment power supplies do not
have adequate filtering and isolation from commercial
power. Sources of impulse noise can be very difficult to
isolate, particularly when the noise does not occur with
any regularity. Possible insight to sources can some-
times be gained by monitoring trends in impulse noise
activity as a function of different times of the day, days
of the week, changing wesather conditions, or changes in
operation or configuration of other eectrical/eectronic
equipment at asite

i. Peak-to-Average Ratio (P/AR). P/ARisaonly a
quick benchmark test designed to give a reliable yet
simple measure of a voice frequency lines overal
bandwidth and phase nonlinearity and therefore its
ability to effectively transmit high speed data traffic. To
conduct this test, the test set at the sending end applies to
the line under test a standard test signal that consists of a
special combination of 16 individual tones. The fre-
guencies and relative levels of these tones are selected so
that the composite signal is a rdatively high frequency
carrier, the amplitude of which rapidly varies between
zero and a pesk value. At the recelving end, the test set
monitors both the average and the instantaneous power
of the recelved composite signal. The test set then
computes the ratio of the peak value of the instantaneous
power to the average power measured. This ratio is
compared to the ratio of an undistorted P/AR test signal.
If the ratio was unchanged by passing through the line
under test, the test set will indicate a received P/AR of
100 units. In general, however, distortion in the line will
cause the ratio of the peak power to the average power
received to be less than the original test signal. A
received P/AR of 50, for example, indicates that the
received peak power to average power ratio is half that
of the undistorted test signal.

(1) P/AR isnot a measure of any one performance

parameter, but is a general measure of overall line
performance. The absolute value of P/AR is not as
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dignificant as is the amount by which it changes with
time. P/AR is most directly affected by attenuation
distortion, intermodulation distortion, and envel ope delay
distortion. A significant degradation in any (or more than
one) of these parameters will result in a reduction in
measured P/AR. P/AR isnormally measured at an initial
acceptance, and that value retained for future reference.
When problems with a line are suspected, a P/AR check
can then be performed. If P/AR has not changed more
than a few units from the original value measured at
acceptance, it is unlikey that there has been any
significant degradation in any of the lin€'s parameters. If
an unusually low P/AR is measured, the other individual
performance parameters of the line must be measured to
determine the specific cause of the degraded P/AR.

(2) The P/AR signal (shown in figure 2-7a) is a
signal whose frequency components are spread out across
the voice frequency bandwidth and so configured as to
resemble a series of data pulses. After passing through a
disruptive medium such as a telephone line, various types
of interference might cause changesin the waveform. As
can be seen in Figure 2-7b, the ratio of peak voltage to
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the average voltage changes according to the degree of
interference.

(3) There is a high correation between measured
P/AR values and the values calculated from a plot of
envelope delay digtortion. In fact, for an envelope dday
response containing sgnificant ripples, P/AR is a better
indication of the transmisson path's ahility to reiably pass
data.

(4) Noise can aso have a dgnificant effect on
P/AR measurements. (See figures 2-8a and b.) Due to
the effect of noise it is important to measure signal-to-
noise ratio before making the /AR measurement. If the
signal-to-noise ratio is less than 25 dB, the P/AR reading
will be significantly reduced by noise alone.

(5) Nonlinear (intermodulation) distortion can
similarly affect the P/AR reading. The effect depends on
whether the second or third order products dominate as
the source of distortion. If the third order products
dominate, they increase or decrease the P/AR value
depending on the sign of the added products.

FIGURE 2-7. PPIAR CHANGESON A TYPICAL LINE
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FIGURE 2-8. EFFECTS OF NOISE ON P/AR
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231. In-Service Monitoring.

a. Monitoring with Standard Test Equipment. The
in-service method allows live lines to be monitored at
various access points without disturbing traffic. Thusin-
service monitoring that does not disrupt traffic is more
suitable for routine monitoring than out-of-service
testing. Additionally, in-service monitoring indicates
performance under actual operating conditions. The
primary disadvantage of in-service monitoring is that its
measurements are not as precise as those available with
out-of-service testing. Also, some network equipment
may not support in-service monitoring activities. See
figure 2-9 for typical layouts for in-service and out-of-
service testing.  The LINCS, DMN, and BWM are
equipped for, and employ, in-service monitoring
throughout the FAA. The FAATSAT is not so equipped
unless used with DMN equipment. The FAATSAT
analog circuits are monitored at the satellite aggregate
levdl and, also, at the mux equipment level. In some=*
locations and on sdected services, the remote
maintenance adaptable concentrator (RMAC) provides a
capability to monitor leased lines so that a total or
intermittent loss of transmission is recorded and
identified as a maintenance alert to AF personnd.
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b. Monitoring LINCS Lines with the Newbridge
Network Management System (NMS).

(1) The statusof all LINCS lines (including analog
lines) is monitored on a real-time basis at the LINCS
network management centers using the Newbridge NMS,
manned by MCI for the FAA LINCS program. A
Newbridge view-only workstation, called the system
dstatus display (SSD), is ingtalled at designated FAA
locations which allows these sites to view those lines that
are on the LINCS backbone. Procedures for using the
Newbridge SSD are discussed in chapter 5, paragraph
510. A typical configuration of the display system is*
shown in figure 2-10.

(2) These FAA system status display workstations
provide monitor-and-display capabilities only, and do not
support network configuration changes, or commands to
perform remote diagnostic tests.  (The Newbridge
Network Management System at the MCI LINCS*
network management center has the more powerful
software and additional hardware that allows them to
perform network provisoning, monitoring, and
configuration changes, as well as remote diagnostic
testing.) The purpose of the view-only workstation is to
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FIGURE 2-9. TYPICAL IN-SERVICE AND OUT-OF-SERVICE TESTING
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provide its network map, which graphically depicts the
configuration of the LINCS network elements and uses
* color to indicate their operational status. The SSD
also has the capability to view LINCS trouble tickets.

(3) When performance of network elements falls

below specified thresholds, and these e ements therefore
are declared unavailable, the system status display
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IN-SERVICE TESTING

*

automatically updates display presentations (change in
path or icon color) to reflect current status. The
operator is automatically presented with a graphic
display of the network configuration using different
icons to represent end-user location A (EUL-A)
multiplexer nodes, EUL-B channd banks, backbone
transmisson paths, and individual user channds.
Successive levels of graphic detail are provided as the
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operator zooms in on an icon. Within the equipment of * (4) For VG-6 lines, the Newbridge uses a 3250-Hz
EUL dites, individual cards, equipment bays, or modules toneto alow it to monitor status of analog lines. However,
can be displayed. All configuration icons are color coded for VG-6 NT (no tone) linesrequired for air-to-ground radio
to display status: normal operation, degraded perform- with CSTI RCE, the Newbridge monitors the CSTI modem
ance, service failure (unavaladle), or out-of-sarvice to data stream via specialized monitoring equipment installed
maintenance (Unavalade). Changes in color correspond to a each gte. For VG-8 lines, the Newbridge monitors the

changes in network e ement status.
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data stream transmitted by the FAA modems.

FIGURE 2-10. NMSVIEW-ONLY MONITORING SYSTEM
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¢. DMN Monitoring.

(1) The Data Multiplex Network (DMN) uses the
Codex 9800 network management system (NMS) to
provide full-period monitoring of the analog lines
carrying data from the Codex 3600 modems. Refer to
figure 2-11. The modem analyzes its received carrier to
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determine impairments generated by the line. These
impairments include line loss (in the form of received
signal level), signal-to-noise ratio, impulse hits, phase
jitter, frequency offset, and harmonic distortion. Values
for these impairments are sent from the modem to the
9800 NMS via the network channd, where they are
compared to threshold values previoudy entered by the

FIGURE 2-11. CODEX 9800 NETWORK MANAGEMENT SYSTEM
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NOTE: Performance of analog line no. 1 is monitored by modems no. 1 and no. 2. Performance of
analog line no. 2 is monitored by modems no. 3 and no. 4. Performance parameters of both lines are

provided to the 9800 NM S via the network channel.

DMN system administrator.  These thresholds are
specified in Order 6170.10, Maintenance of Data Multi-
plexing Network Equipment. If the value of any of the
impairments exceeds the threshold entered the 9800
NMS will sound an alarm, print out an alarm event, and
display the line in red. The 9800 NMS also has the
capability to provide a snapshot of the line. This is a
display of impairment values as they are at a given
moment. Trend testing of the line may be accomplished
using the 9800 NMS as it will store impairment values at
periodic intervals and provide statistical analyses of the
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data gathered. In thisway, the specialist can tell if aline
is degrading to a catastrophic event.

(2) The 75 hits per second network channel carries
control and status information from the modems to the
9800 NMS. The operation of this channd is such that
analog lines used for tail circuits, where neither of the
modems is collocated with the 9800 NMS, may still be
monitored by the 9800 NMS.

232.-299. RESERVED.
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CHAPTER 3. STANDARDS AND TOLERANCES

300. GENERAL. This chapter prescribes the standards
and tolerances for leased and FAA-owned analog lines.
The terms used are defined and described in Order
6000.15 or in the glossary of this order. Key perform-
ance parameters are identified by an arrow (=) placed in
the left margin. The line characteristics for commercia
leased lines in this order are extracted from the LINCS
contract, Bellcore Technical Reference TR-TSY-000335,
Issue 2, May 1990; and FCC Tariff Number 9.
Additional types of commercial leased lines that regions
may obtain from local telephone companies might require
aregional supplement to this order.

301. NOTES AND CONDITIONS. The following
describes the requirements, variances, and/or test limitsto
be considered when applying the values listed in the
standards and tolerances.

a. The maximum power for test tones on FAA analog
lines is established as - 13 dBm at the zero TLP. (See
paragraph 203d(1).)

b. On LINCS VG-6 lines (except air-to-ground lines
equipped with CSTI RCE, which are VG-6 NT (no 3250
Hz tone)), MCI uses a 3250 Hz tone for network moni-
toring; do not transmit a test tone within 50 Hz of that
frequency. For LINCS VG-6 NT and VG-8 lines, MCI
monitors the data transmitted by FAA data modems.
Since MCI uses this data stream for monitoring, the FAA
MUST contact the MCI NMC prior to performing any
line or modem testing that will disrupt the data stream.
On all lines, care should be exercised to avoid trans-
mission of a test tone on a vendor’s loopback frequency.
These frequencies are exempted from measurements. *

c. In the standards and tolerance tables, parameters
that apply only to lines used exclusively in data applica-
tions are indicated by a footnote.

d. The plus sign (+) in the tolerance/limits columns
indicates more loss than the 1004-Hz reference loss. The
minus sign (-) indicates less lass than the 1004-Hz refer-
ence loss. For example, if the 1004-Hz reference loss for
a line being tested was 14 dB, and the tolerance/limit is
stated as +5, -1 dB, the line will be out of tolerance if its
attenuation for that frequency is outside the limits of 19
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to 13 dB. The ALTE can normalize frequency attenua-
tion measurements with respect to 1004 Hz and provide a
direct reading in terms of + or - dB from 1004 Hz.

e. Standards and tolerances/limits.

(1) Each essential system, subsystem, and equip-
ment performance parameter has been assigned a stan-
dard value that is usually the optimum vaue from a
systems engineering viewpoint. These standard values
are compatible with the system as a whole and the design
capability of the equipment involved. In addition, each
parameter (standard value) has been assigned an initial
and an operating tolerance/limit expressed in terms of
permissible deviation from the standard or in absolute
maximum and/or minimum performance levels, as
appropriate, for use during maintenance and certification
activities.

(2) Theterms standard, initial, and operating toler-
ances/limits are defined as follows:

(a) The standard is the optimum value assigned
to a parameter of the system and is compatible with the
system as a whole and the design capability of the
equipment involved.

(b) The initial tolerance/limit is the maximum
deviation from the standard value of the parameter, or
range, permissble when the system or equipment is
accepted for use in the National Airspace System at the
time of initial commissioning, or after any readjustment,
restoration (other than after a cable cut), modification, or
moder nization.

(c) The operating tolerance/limit is the maxi-
mum deviation from the standard value of the parameter
or the range within which a system or equipment may
continue to operate on a commissioned basis without
adjustment or corrective maintenance and beyond which
remedial action by maintenance personnel is mandatory.

(3) In summary, the above FAA guidance is that
maintenance personnel should, when there is any degree
of adjustment available, strive to attain the standard val-
ues for all analog lines but accept a line that achieves
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performance within the values specified for the initial
tolerance/limits.

f. The capability of remote maintenance monitoring
(RMM) systems being installed at different facilities
varies with facility type. The ability to do part or all
of the performance checks from a remote location does
not alter the required periodic maintenance interval nor
reduce the number of parameters to be checked. If the
capability exists to check one or more parameters from
a remote location, it is acceptable to check those
parameters remotely.

g. This chapter lists standards and tolerances for
the line types (VG-6, VG-8, VG-ADPCM, and VG-
COMPRESSED) provided by the Leased Inter-
facility NAS Communications System (LINCS),
FAA Telecommunications Satellite (FAATSAT),
and Bandwidth Manager (BWM). This chapter also
lists standards for Federal Telephone System 2000
(FTS2000), Radio Communications Link (RCL), and
Low-Density Radio Communications Link (LDRCL)
lines. In addition to standard two-point analog lines,
LINCS provides multipoint lines and FAATSAT
provides multipoint and broadcast lines. For both
multipoint and broadcast lines, these standards and
tolerances are applicable between the host or source
point and each destination point. In addition, these
standards and tolerances are applicable for voice
multipoint lines between each destination point. If a
voice multipoint line extends from facility A to
facilities B and C, the standards and tolerances
provided herein apply to line performance between
A and B, between B and C, and between A and C
(see Chapter 7 for a more detailed discussion of
LINCS and FAATSAT multipoint lines). If a
broadcast or data multipoint line extends from
facility A to facilities B and C, the standards and
tolerances provided herein apply to line perform-
ance between A and B and between A and C.
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h. Looped parameters. Refer to paragraph 505c for
information on adjusting the tolerance values of parame-
ters when line performance is measured in a looped mode
vice end-to-end.

i. Local FAA authorities may accept new leased lines
from the vendor without requiring FAA qualified person-
ne to conduct separate line runs if ALL the following
conditions are met:

(1) The vendor’s tests are witnessed by qualified
personnel who are able to judge satisfactory results.

(2) The vendor provides a copy of their test data
demonstrating satisfactory test results (meets or exceeds
established line parameters).

(3) The line is under real-time monitoring before
and after being placed in operational status.

(4) For voice multipoint lines, the user performs
functional checks of voice and signaling to ensure satis-
factory operation with end points and technicians review
vendor test results which confirm line parameters to be
within acceptable tolerances. For data multipoints, the
user performs functional checks to ensure satisfactory
data communications with all end points and technicians
review vendor test results.

(Qualification of FAA or FAA contract personne to wit-
ness testing may be determined by the System Manage-
ment Office (SMO) manager.)

j. Test results for site records may be on either FAA
Form 6000-14 or test equipment hardcopy printouts.
Hardcopy results may be generated either by the con-
tractor (with qualified technicians witnessing) or by FAA
personnd using the Automated Line Test Equipment
(ALTE).

302. RESERVED.
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Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
303. VOICE GRADE 6 (VG-6) (LINCS,......... 512, 513,
BWM, AND FAATSAT). 514, 515
a 1004-HZNet 10SS......ccevvereneeiirienieens 0dB +1.5dB Sameasinitial
b. Attenuation distortion.
(1) 304-3004 Hz 1004-Hz net loss -1,+5dB Sameasinitia
(2) 404-2804Hz....cccovevirararaennn 1004-Hz net loss -1,+4dB Sameasinitia
(3) 504-2504 Hz.....covcovevirarairennn 1004-Hz net loss -1,+3dB Sameasinitia
c. Signal-to-C-notched-noiseratio........ 32dB 330dB Sameasinitial
d. Intermodulation distortion®.
(1) Second order.......cccveeevieeneneinninnns 35dB >33 dB Sameasinitia
(2) Third order.....ccccvevveeneerreiesiens 42 dB >40 dB Sameasinitia
® e. Envelopedelay distortion®............... £650 nsec £700 rrsec Sameasinitia
(804 - 2604 Hz)
® f. Phasejitter™.
(1) 4-300HZ...oooeerereeerereeerrenn 9 <10 Sameasinitial
(2) 20-300HZ..ooovovererereerereeernens N <5 Sameasinitial
® g. Impulsenoiseat threshold noted* ..... No more than 15 Nomorethan 15 | Sameasinitial
countsin 15 min. countsin 15 min.
(at 65 dBRNCO) (at 67 dBRNCO)
h. Frequency Shift........cccccooveviiiiiennnne OHz +1.0Hz Sameasinitia
. PIAR Commissioned value | +4 units Sameasinitia
304 VOICE GRADE 8 (VG-8) (LINCS,........ 512, 513,
BWM, AND FAATSAT). 514, 515
® a 1004-HZNnet 10SS......ccvveerenieriinienieine 0dB +1.5dB Sameasinitial
® b. Attenuation distortion.
(1) 304-3004Hz...ccovoovirrrerairaennn 1004-Hz net loss -1,+5dB Sameasinitia
(2) 404-2804Hz...cccvcovivirarairaennn 1004-Hz net loss -1,+2dB Sameasinitia
® c. Signal-to-C-notched-noiseratio........ 34dB 3320dB Sameasinitia
® d. Intermodulation Distortion™.
(1) Second order......cccveeeveeennaiinninnns 46 dB >45 dB Sameasinitia
(2) Thirdorder........ccocoevvininincnnne. 49 dB >48 dB Sameasinitia

Parameters apply to lines used exclusively in data applications.
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Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
® e. Envelopedelay distortion®............... £650 nsec £700 rrsec Sameasinitia
(804 - 2604 Hz)
® f. Phasejitter™.
(1) 4=300HZ oo, 8 <9 Sameasinitial
(2) 20-300HZ..ooovoverereeerereeerrens 3 <4 Sameasinitial
® g. Impulsenoiseat threshold noted* ..... No more than 15 Nomorethan 15 | Sameasinitial
countsin 15 min. countsin 15 min.
(at 65 dBRNCO) (at 67 dBRNCO)
h. Frequency Shift......ccccoovinnininenn OHz +1.0Hz Sameasinitia
. PIAR Commissioned value | +4 units Sameasinitia
305. FTS2000 512, 513,
514, 515
a 1004-HZ net 10SS......covveeereeirieeneene 0dB -2,+25dB Sameasinitia
b. Attenuation distortion.
(1) 304-3004HzZ...ccovoovirireranaennn 1004-Hz net loss -3,+12dB Sameasinitia
(2) 404-2804Hz....cccovevirarairaenne 1004-Hz net loss -2,+6dB Sameasinitia
c. Signal-to-C-notched-noiseratio........ 328dB Sameasstandard | Same as standard
d. Intermodulation distortion®.
(1) Second order......cccveevieenneinninnns 345dB Same as standard | Same as standard
(2) Third order....cccocvevveeeseereeiesiens 343dB Same as standard | Same as standard
® e Envelopedelay distortion®............... £1250 nrsec Same asstandard | Same as standard
(804-2604 Hz)
® f. Phasejitter™.
(1) 4t0300HZ ..o <12 Sameas standard | Same as standard
(2) 20t0300HZ ...ovveveeeereeene <8 Sameas standard | Same as standard
® g. Impulsenoise at threshold noted® ..... No more than 15 Sameas standard | Same as standard
countsin 15 min.
(at 71 dBRNCO)
h. Frequency Shift......ccccoovninininenn OHz +2.0Hz Sameasinitia
T = 7Y = GO Commissioned Value | +4units Sameasinitia
Yparameters apply to lines used exclusively in data applications.
2P/AR for FTS2000 is a non-tariffed item for use only within the FAA and is based on industry guidelines.
Chap 3
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Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
306. RCL AND LDRCL VFLINESVIA ....... 512, 513,
ANALOG MULTIPLEX. 514, 515
® a. 1004-Hz net loss.
(1) When not part of acomposite....... 0dB +1.5dB Sameasinitia
line".
(2) When part of acomposite............. 0dB +4 dB Sameasinitia
line".
® b. Attenuation distortion.
(1) 304-3004HzZ...ccovoovirireranaennn 1004-Hz net loss -1,+3dB Sameasinitia
(2) 404-2804Hz....ccocovevireranainne 1004-Hz net loss -1,+15dB Sameasinitia
c. Signal-to-C-notched-noiseratio........ 34 dB 332dB Sameasinitia
d. Intermodulation distortion®
(1) Second order......cccveevieenneinninnns 46 dB 345dB Sameasinitia
(2) Third order.....cccvevveeseerreeniens 49 dB 348dB Sameasinitia
® e. Envelopedeay distortion”............... £400 rnsec Same asstandard | Same as standard
(804-2604 Hz)
® f. Phasejitter?. ..o, <3’ Sameasstandard | Same as standard
(1 kHz tone)
® g. Impulsenoise at threshold noted®..... No more than 15 Nomorethan 15 | Sameasinitial
countsin 15 min. countsin 15 min.
(at 65 dBRNCO) (at 67 dBRNCO)
h. Frequency Shift......ccccooninninnnnn OHz +1.0Hz Sameasinitia
. PIAR Commissioned value | +4 units Sameasinitia
307. RCL AND LDRCL VFLINESVIA ....... 512, 513,
DS-1 CHANNEL BANK. 514, 515
® a. 1004-Hz net loss.
(1) When not part of acomposite....... 0dB +1.5dB Sameasinitia
line!
(2) When part of acompositeline ... 0dB +4 dB Sameasinitia
® b. Attenuation distortion................... 1004-Hz net loss +1.5dB Sameasinitia

(404-2804 Hz)

A lineis composite when it is brought down to voice frequency level and then sent over another line segment at voice frequency level. An
RCL/LDRCL linethat is a segment of a composite line has less stringent loss tol erance to allow adjustment to meet the overall requirement
of the composite line.
2Parameters apply only to lines used exclusively in data applications.
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Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
® c. Signal-to-C-notched-noiseratio........ 34dB 334dB Sameasinitia
® d. Intermodulation distortiont.
(1) Second order......cccveeevieeneneinninnns 45 dB 345dB Sameasinitia
(2) Third order.....cccvevveeneereeienens 48 dB 348dB Sameasinitia
® e. Envelopedelay distortiont................. £250 nsec Same asstandard | Same as standard
(804-2604 Hz)
® f. Phasejittert.
(1) 4-300HZ...oooeerereeerereeerrenn 8 <9 Sameasinitial
(2) 20-300HZ..ooovovererereerereeerrens 3 <4 Sameasinitial
® g. Impulsenoise at threshold noted? ..... No more than 15 Nomorethan 15 | Sameasinitial
countsin 15 min. countsin 15 min.
(at 65 dBRNCO) (at 67 dBRNCO)
h. Frequency Shift........cccccviveniviiennnen. O Hz +1.0Hz Sameasinitia
. PIAR Commissioned value | +4 units Sameasinitia
308. OTHER FAA LEASED LINES.............. 512, 513,
514, 515
a. Servicetypel.
® (1) 1004-Hz net 10SS.....cvevveeerainenne Commissioned value | +4 dB Sameasinitia
® (2) Attenuation distortion.
(@) 304—3004Hz .....ccccvevveernene 1004-Hz net loss -3,+12dB Sameasinitia
(b) 404—2804Hz........ccecueene. 1004-Hz net loss -2,+9dB Sameasinitia
b. Servicetypeb.
® (1) 1004-Hz net10SS....ccvvvveeerainenns Commissioned value | +4 dB Sameasinitia
® (2) Attenuation distortion.
(@) 304—3004Hz .....ccccvevverrnen 1004-Hz net loss -3,+12dB Sameasinitia
(b) 404—2804Hz......cccocuveunne. 1004-Hz net loss -2,+10dB Sameasinitia
(c) 504—2504Hz ......cccveveernen 1004-Hz net loss -2,+8dB Sameasinitia
® (3) Signa-to-C-notched-noiseratio.... 324dB Same as standard | Same as standard
® (4) Intermodulation distortion’.
(a) Second order......cccceeveviieeennne 327dB Same as standard | Same as standard
(b) Thirdorder .......cceevevevieeeene 332dB Same asstandard | Same as standard
® (5) Envelopedelay distortion®............ £1750 rrsec Same as standard | Same as standard
(804 - 2604 Hz)
IParameters apply only to lines used exclusively in data applications.
Chap 3
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12/30/96 6000.22A
Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
® (6) Phasejitter™.
(@) 4-300HZ...oooiriirrirrrrnnnn, <15 Same as standard | Same as standard
(0) 20-300HZ....ooovevererene, <10 Same as standard | Same as standard
C-1 conditioned.
® (1) Attenuation distortion.
(@) 304-2704Hz..ccocveeeree 1004-Hz net loss -2,+6dB Sameasinitia
(b) 1004 - 2404 Hz........cvcveune. 1004-Hz net loss -1,+3dB Sameasinitia
(c) 2704 - 3004 Hz....coocvvevvee 1004-Hz net loss -3,+12dB Sameasinitia
® (2) Envelopedelay distortion.
(@) 804-2604Hz........ccuvevenee £1750 rrsec Same asstandard | Same as standard
(b) 1004 - 2404 Hz .........ccocueene. £1000 rrsec Same as standard | Same as standard
. C-2 conditioned.
® (1) Attenuation distortion.
(@) 304-3004Hz....ccoeerne 1004-Hz net loss -2,+6dB Sameasinitia
(b) 504 - 2804 Hz......co0cvvvvevene 1004-Hz net loss -1,+3dB Sameasinitia
® (2) Envelopedelay distortion.
(@) 504 - 2804 Hz.....ccoeevveeenee £3000 rrsec Same asstandard | Same as standard
(b) 604 - 1004 Hz.....ccvecvvevenee £1500 rrsec Same as standard | Same as standard
(c) 104-2604 Hz.....ccveevvevenee £500 nsec Same as standard | Same as standard
C-3 conditioned.
® (1) Attenuation distortion.
(@) 304-3004Hz...coocovcvvereren 1004-Hz net loss -0.8, +3dB Sameasinitia
® (2) Envelope delay distortion.
(@) 504 -2804 Hz.....cccoccvvevenee £650 nsec Same as standard | Same as standard
(b) 604 - 2604 Hz.......ccvveeennes £300 nsec Same as standard | Same as standard
(c) 1004 - 2604 Hz.......ccvevvnee. £110 nsec Same as standard | Same as standard

Yparameters apply only to lines used exclusively in data applications.
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Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
f. C-4conditioned.
® (1) Attenuation distortion.
(@) 304-3204Hz...ccocoveveree 1004-Hz net loss -2,+6dB Sameasinitia
(b) 504 -3004 Hz......ccceovevvnnnne. 1004-Hz net loss -2,+3dB Sameasinitia
® (2) Envelope delay distortion™.
(@) 504-604Hz.......ccoeeveenn £3000 rrsec Same as standard | Same as standard
(b) 604 - 3004 Hz......cvecvvevenee £1500 rnrsec Same asstandard | Same as standard
(c) 804-2804 Hz....ccoeovvevene £500 nsec Same asstandard | Same as standard
g. D-1conditioned.
(1) Signal-to-C-notched-noiseratio.... 328dB Same as standard | Same as standard
(2) Intermodulation distortion®.
(a) Second order......cccceeveviveeennne. 335dB Same as standard | Same as standard
(b) Thirdorder .......ccevvevevieeeene 340dB Same as standard | Same as standard
h. D-6 conditioned.
® (1) Attenuation distortion................... 1004-Hz net loss -1,+45dB Sameasinitia
(404 - 2804)
(2) Signal-to-C-notched-noiseratio..... 332dB Same as standard | Same as standard
(3) Intermodulation distortion®.
(a) Second order......ccccoeveviveeennne. 345dB Same as standard | Same as standard
(b) Thirdorder ....c..ccevvevevieeenne 346 dB Same asstandard | Same as standard
® (4) Envelopedelay distortion®. ........... £1400 rnrsec Same as standard | Same as standard
(604 - 2804 Hz)
® (5) Phasejitter™. <7 Same as standard | Same as standard
309. FAA COMPOSITE LINES. 512, 513,
514, 515
a. Used for interphone service.
® (1) 1004-HzZ net 10SS....ccvevveeeraiininns 0dB +4 dB Sameasinitia
® (2) Attenuation distortion.
(@) 304-3004Hz...cocovvverreen 1004-Hz net loss -3,+12dB Sameasinitia
(b) 404 - 2804 Hz......cvcvvevene 1004-Hz net loss -2,+6dB Sameasinitia
Yparameters apply only to lines used exclusively in data applications.
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12/30/96 6000.22A
Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
® (3) Signa-to-C-notched-noiseratio.... 328dB Same asstandard | Same as standard
(4) PIAR ..o Commissioned value | +4 units Sameasinitia
. Used .for air-to-ground radio.............
circuits.
(1) 1004-HzZ net 10SS.....cvevvveeraininns 0dB -2,+3dB Sameasinitia
(2) Attenuation distortion.
(@) 304-3004 Hz...coocoveverreen 1004-Hz net loss -3,+12dB Sameasinitia
(b) 404 - 2804 Hz......ccvccvvvveene 1004-Hz net loss -2,+6dB Sameasinitia
® (3) Signal-to-C-notched-noiseratio..... 328dB Same asstandard | Same as standard
(4) PIAR ..ot Commissioned value | +4 units Sameasinitia
Used for data servicesat speedsof ....
9.6 kb/sand below.
(1) 1004-HzZ net10SS.....cvevveeeraiirenns 0dB +4 dB Sameasinitia
(2) Attenuation distortion.
(@) 304-3004Hz...coocovevereeen 1004-Hz net loss -3,+8dB Sameasinitia
(b) 404 - 2804 Hz.....ccvcvvevrene 1004-Hz net loss -2,+5dB Sameasinitia
(3) Signal-to-C-notched-noiseratio.... 30dB 328dB Sameasinitia
(4) Intermodulation distortion®.
(a) Second order......cccceeveviieeennne 35dB 333dB Sameasinitia
(b) Thirdorder ......cccevvevevieeenne 42 dB 340dB Sameasinitia
® (5) Envelopedelay distortion®............ £650 nsec £700 rsec Sameasinitia
(804 - 2604 Hz)
® (6) Phasejitter™.
(@) 4-300HZuocooooveereererereans 9 <10 Sameasinitial
(6) 20-300HZ...ocveeereevrecee N <5 Sameasinitial
® (7) Impulse noise at threshold noted" .. No morethan 15 No morethan 15 Sameasinitia
countsin 15 min. countsin 15 min.
(at 65 dBRNCO) (at 67 dBRNCO)
(8) PIAR. ...t Commissioned value | +4 units Sameasinitia

*Parameters apply only to lines used exclusively in data applications.
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Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
. Used for data servicesat speeds........
higher than 9.6 kb/s.
(1) 1004-Hz net 10SS.....cvvvveeeraiinenns 0dB +4 dB Sameasinitia
(2) Attenuation distortion.
(@) 304-3004Hz...coocovcvvereren 1004-Hz net loss -2,+8dB Sameasinitia
(b) 404 - 2804 Hz.....ccvcvvevrene 1004-Hz net loss -1,+2dB Sameasinitia
(3) Signal-to-C-notched-noiseratio..... 34dB 332dB Sameasinitia
(4) Intermodulation distortion®.
(a) Second order......cccceeveviieeennne 46 dB 345dB Sameasinitia
(b) Thirdorder ......cccevvevevieeenne 49 dB 348dB Sameasinitia
® (5) Envelopedelay distortion®............ £650 nsec £700 rsec Sameasinitia
(804 - 2604 Hz)
® (6) Phasejitter™.
(@) 4-300HZuocoooveereerererenns 8 <9 Sameasinitial
(6) 20-300HZ...ocveeereevrecee 3 <4 Sameasinitial
® (7) Impulse noise at threshold noted™.. No morethan 15 Nomorethan 15 | Sameasinitial
countsin 15 min. countsin 15 min.
(at 65 dBRNCO) (at 67 dBRNCO)
(8) PIAR. ...t Commissioned value | +4 units Sameasinitia
310. GROUNDSAND LEAKAGE................. 6950.22,
FAA-owned lines para 32
311. VOICE GRADE ADAPTIVE......cccce.. 512, 513,
DIFFERENTIAL PUL SE CODE 514, 515
MODULATION (VG-ADPCM)
(FAATSAT).
® a 1004-HZNnet 10SS......ccvvvireneiiinicnienine 0dB +1.5dB Sameasinitial
b. Attenuation distortion.
(1) 304-3004HzZ...coooveeiiereeins 1004-Hz net loss -1,+5dB Sameasinitia
(2) 404-2804Hz....cccovvvirarairaennn 1004-Hz net loss -1,+4dB Sameasinitia
(3) 504-2504 Hz.....covcovevirirainennn 1004-Hz net loss -1,+3dB Sameasinitia
® c. Signal-to-C-notched-noiseratio........ 32dB 3300dB Sameasinitia
YParameters apply only to lines used exclusively in data applications.
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Reference Tolerance/Limit
Parameter Paragraph Sandard Initial Operating
312. VOICE GRADE COMPRESSED 512, 513,
(VG-COMPRESSED) (BWM AND 514, 515
FAATSAT).
® a 1004-HzZNnet 10SS......ccvvvereniiieiienieins 0dB +1.5dB Same asinitial
b. Attenuation distortion.
(1) 304-3004HzZ...ccovoovirirararaennn 1004-Hz net loss -1,+5dB Sameasinitia
(2) 404-2804Hz....cccovvvirerairaennn 1004-Hz net loss -1,+4dB Sameasinitia
(3) 504 -2504 HzZ ....coovveeeereeine 1004-Hz net loss -1,+3dB Sameasinitia
® c. Signal-to-C-notched-noiseratio........ 31dB 3290dB Sameasinitia

313.-399. RESERVED.
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CHAPTER 4. PERIODIC MAINTENANCE

400. GENERAL. This chapter establishes the mainte-
nance activities and schedules required for analog lines
on a periodic basis. The chapter identifies the perform-
ance checks (i.e., tests, measurements, and observations)
of normal operating controls and functions, which are
necessary to determine whether operation is within
established tolerances/limits. The table of performance
checks represents the maximum intervals permitted
between tasks. (For guidance, refer to the current edition
of Order 6000.15, General Maintenance Handbook for
Airway Facilities.)

401. FULL PERIOD LINE MONITORING. Periodic
maintenance testing is not required on lines for which the
FAA has available continuous, real-time monitoring. This
type of monitoring is presently available on all lines
provided under the LINCS program, lines used with the
Data Multiplex Network (DMN) equipment and with the
Bandwidth Manager (BWM), but not with lines provided by
the FAA Telecommunications Satellite (FAATSAT) unless
used with DMN. On lines with monitoring, the network
monitoring capability is such that the contractor or FAA is
aware of, and able to react to, line deterioration in real time.

402.-406. RESERVED.

SECTION 1. PERFORMANCE CHECKS

Reference Paragraph
Performance Checks Standards and Maintenance
Tolerances Procedures
407. WITHDRAWN BY CHG 2
408. ANNUALLY. (Not Required Where Full-Period Monitoring is |
Provided).
a. Measure and record net loss at 1004 Hz. 303 thru 309 512 (ALTE)
514 (Manual)
b. Measure and record attenuation distortion (three-tone slope) and 303 thru 309 512 (ALTE)
signal-to-C-notched noise ratio. (See notes 1 and 2.) 514 (Manual)
c.  Check for satisfactory transfer to all standby or redundant lines | |
switchable by FAA. (See note 3.)

NOTE 1: The Peak to Average Ratio (P/AR) test may be run in lieu of annual attenuation distortion and signal-to-C-notched noise tests.
If P/AR is unsatisfactory, do a complete line run to identify out-of-tolerance parameters.

NOTE 2: Except short-haul lines not involving the serving company's test centers, repeaters, or carrier equipment. Exempted lines are
typically found on airports and are short, direct runs between control facilities and remote sites.

NOTE 3: Standby (or redundant) lines are those lines present at an FAA demarc that do not normally carry operational traffic. Standby
lines are not vendor-provided diverse paths. In the event of failure of a line carrying operational traffic, the FAA specialist responsible
may transfer the traffic to the standby line using manual patching or with FAA-controlled automatic switching.
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SECTION 1. PERFORMANCE CHECKS (Continued)

Reference Paragraph
Performance Checks Standards and Maintenance
Tolerances Procedures
409. AS REQUIRED.
a. On all FAA leased lines, as part of initial line acceptance, verify all 303 thru 309 513 (ALTE)
parameters of the particular line as identified in chapter 3. (See note 4.) 515 (Manual)
516 (Multipoint)
b. Before commissioning a composite line, perform a segment-by-segment 303 thru 309 513 (ALTE)
check of all parameters listed in chapter 3 for the type of line used for 515 (Manual)
each segment in a composite line. When segment-by-segment tests are
satisfactory, run an end-to-end check for the entire line.
c¢. To revalidate an FAA analog line returned to service after failure:
(1) Point-to-point lines. Check to ensure that the reported parameter is 303 thru 309 513 (ALTE)
within the applicable operating tolerance listed in chapter 3. (See 515 (Manual)
note 5.)
(2) Multipoint lines. Perform functional checks to ensure required | - 516
service is provided.
410.-420. RESERVED.

NOTE 4: Local FAA authorities may accept new leased lines from the vendor without requiring FAA qualified personnel to conduct
separate line runs if ALL the following conditions are met:

a. The vendor’s tests are witnessed by qualified personnel who are able to judge satisfactory results. (Qualification of FAA or FAA
contract personnel to witness testing may be determined by the SMO manager.)

b. The vendor provides a copy of test data demonstrating satisfactory test results (meets or exceeds established line parameters).

c. The line is under real-time monitoring before and after being placed in operational status.

d. For voice multipoint lines, users perform functional checks of voice and signaling to ensure satisfactory operation with end points,
and technicians review vendor test results which confirm line parameters to be within acceptable tolerances. For data multipoints, users
perform functional checks to ensure satisfactory data communications with all end points, and technicians review vendor test results.

NOTE §: Inoperative lines due to cable cuts are not an out-of-tolerance condition as defined in chapter 3. Restoration requires only
performance verification; for example, contact with customer premise equipment at the distant end.

SECTION 2. OTHER MAINTENANCE TASKS

421.-499. RESERVED.
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CHAPTER 5. MAINTENANCE PROCEDURES

500. GENERAL. This chapter establishes the proce-
dures for accomplishing the various essential mainte-
nance activities required for analog lines, on either a pe-
riodic or incidental basis. The chapter is divided into
three sections. Section 1 describes the procedures to be
used in making the performance checks listed in chapter
4, section 1. In section 2 are special maintenance proce-
dures such as trouble shooting composite lines. Refer to
Order 6000.15, General Maintenance Handbook for Air-
way Facilities, for additional general guidance.

501. BASIC MAINTENANCE PROCEDURE. The
goal of this chapter is to identify procedures that will en-
sure timely testing while fully satisfying acceptance,
safety, and other operational requirements.

a. With widespread application of network and line
monitoring by centralized network management centers,
it is not necessary to perform routine maintenance
evaluations on lines that are under constant and real-time
monitoring. Thus, for analog lines having real-time
monitoring and for which the FAA has immediate and
continuing access to the monitoring data, thereis no peri-
odic maintenance required by this handbook. For exam-
ple, LINCS VG-6 and VG-8 lines have continuous real-
time monitoring, with the FAA having constant and con-
tinuous access to the monitoring data.

b. Local FAA authorities may accept new leased lines
from the vendor without requiring FAA qualified person-
ne to conduct separate line runs if ALL the following
conditions are met:

(1) The vendor’s tests are witnessed by qualified
personnel who are able to judge satisfactory results.
(Qualification of FAA or FAA contract personnd to wit-
ness testing may be determined by the Airways Facilities
SMO Manager.)

(2) The vendor provides a copy of their test data
demonstrating satisfactory test results (meets or exceeds
established line parameters).

(3) The line is under real-time monitoring before
and after being placed in operational status.
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(4) For voice multipoint lines, the user performs
functional checks of voice and signaling to ensure sat-
isfactory operation with end points, and technicians re-
view vendor test results which confirm line parameters to
be within acceptable tolerances. For data multipoints, the
user performs functional checks to ensure satisfactory
data communications with all end points and technicians
review vendor test results.

c. Parameters listed in chapter 3 generally have one
value (the most stringent level) listed under Standard
and another less stringent value under Initial Tolerance.
The Operating Tolerance value is ether "same as stan-
dard" or "same asinitia". Whenever alineis tested, the
FAA technician will accept the line as being within toler-
ances if the tested parameter value meets or exceeds the
initial tolerance level. If line parameters can be adjusted,
the FAA technician will work to bring the value as close
as possible to the standard value.

d. The following cautions on input power should be
followed when testing analog lines.

(1) The power levd limit for FAA analog lines is
-13 dBm, 3-second average. Power levels exceeding
- 13 dBm could cause noisein adjacent channels.

(2) For RCL and LDRCL vf lines referred to the O
TLP, the maximum is - 13 dBm, 3-second average.

e. For acceptance and commissioning, composite
lines will be tested first segment-by-segment to establish
a basdine useful in later fault isolation or troubleshoot-
ing. If the segment-by-segment testing is satisfactory,
end-to-end testing should then be accomplished.

f. Vendors have the option to include a loopback de-
vice on the vendor side of the demarc to sectionalize and
facilitate restoration of leased lines. Although these de-
vices are normally set to operate with a 2713-Hz tone,
some FAA applications require that a tone of 2413 Hz be
used. Care must be taken to ensure that FAA testing
does not inadvertently activate these devices which will
result in the loss of the line until the devices can be de-
activated. The 2713-Hz loopback tone is periloudy
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close to the 2805-Hz guard tone used by many early ver-
sions of FAA VFSS equipment used to control RCAG
channels. The 2413-Hz alternative is perilously close to
the 2450-Hz key tone used for BUEC equipment. As a
result, during the implementation of LINCS some regions
have negotiated with local exchange companies to pro-
vide 1913-Hz tone to activated loopback control devices
installed on radio control circuits.

502. FAA FORM 6000-14, PERFORMANCE RECORD -
ANALOG LINES Order 6000.15 contains guidance and
detailed ingtructions for field utilization of FAA Form
6000 series Technical Performance Record forms. En-
tries shall be made in accordance with the instructions in
Order 6000.15, except as indicated in the subparagraphs
that follow. Figure 5-1 is a sample FAA Form 6000-14
which shows typical entriesfor an analog line.

a. Computer-Generated Test Results. Hardcopy
printouts of computer generated test results may be used
for site records in lieu of FAA Form 6000-14. Such
hardcopy results may be generated either by the contrac-
tor with FAA technicians witnessing, or by FAA person-
nd using the automated line test equipment (ALTE).

b. Instructionson use of Form 6000-14.

(1) FAA Form 6000-14 is the single generic form
which may be used for recording and filing maintenance
actions on all types of analog lines. The form is designed
so that local reproduction will allow blank forms to be
made up in advance for all lines of a particular category
by entering common information such as line type,
sending facility, and relevant parameters.

(2) Form 6000-14 is designed so that all the rele-
vant information on standards and tolerances may be
listed on the front of the form with room for the optional
frequency plot on the back. This form may be used for
recording maintenance information on all FAA analog
lines. Sincethisform isfor use on al linetypeslisted in
chapter 3, some blocks on the form will not apply to
some lines. Only fill in the blocks relevant to the line
being tested.

(3) Elementsof theform should be completed asfalows

(a) Circuit Identifier. Enter circuit identifier
assigned; where available the communications service
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authorization (CSA) should be used. When there is no
CSA, use an appropriate circuit identifier such as the cir-
cuit number.

(b) Acceptance Date. Enter the date that the
line was originally accepted.

(c) Tedting Date. Enter the date that testing is
being conducted.

(d) Sending Facility/Receiving Facility. Enter
appropriate facility names to indicate the direction in
which line testing was conducted. Identify any respond-
ersinstalled.

(e) Configuration. Appropriate block is
checked to indicate that the line was tested in either end-
to-end or looped mode.

(f) Line Test Set-up (1004 Hz). At the sending
end, enter the TLP level of the point at which the test set
was connected to the line and the actual test tone level
used to transmit the 1004-Hz tone. In most cases, the test
set should be connected to a0 TLP point and the sending
level should be - 13 dBm. Make the same entries for the
receiving end. At the time of set-up, alow the line to
gtabilize for a minimum of five (5) minutes while moni-
toring the frequency readout for deviations (single ended
mode only). If the frequency deviates more than the re-
quired amount or the line drops sync, record the event in
the Comments/Notes section of the form.

(g) LineType. Enter theline type based on the
transmission media, not usage. Examples: LINCSVG-6,
RCL via analog mux, and composite. For composite
lines, list the individual line types that make up thelinein
the notes section of the form.

(h) Usage. Check voice or data as appropriate.

(i) Receive Level and Envelope Delay. This
table alows receive level and envelope delay to be re-
corded for up to 33 different frequencies. In the second
column, enter actual received level in dBm. In the third
column, enter absolute envelope delay (the reading pro-
vided by the test set) in microseconds (nsec). When re-
cording results of athree-tone slope test, enter the test re-
sults in the blocks for the 404-, 1004-, and 2804-Hz fre-
guencies.
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FIGURE 5-1. SAMPLE OF FAA FORM 6000-14 WITH ENTRIES

PERFORMANCE RECORD - ANALOG LINES
CIRCUIT IDENTIFIER ACCEPTANCE DATE TESTING DATE
Sending Facility Receiving Facility CONFIGURATION
End-to-End Looped
Line Test Set-up (1004 Hz) LINE TYPE USAGE
Send Point Receive Point VOICE DATA
TLP ——— dBm —— TLP — dBm g g
RECEIVE LEVEL AND ENVELOPE DELAY DISTORTION
FREQ | LEVEL | DELAY JFREQ |LEVEL |DELAY § FREQ |LEVEL | DELAY J FREQ |[LEVEL |DELAY
(Hz) (dBm) | (psec) | (Hz) (dBm) | (psec) (Hz) (dBm) | (psec) (Hz) (dBm) | (psec)
304 1004 1704 2404
404 1104 1804 2504
504 1204 1904 2604
604 1304 2004 2704
704 1404 2104 2804
804 1504 2204 2904
904 1604 2304 3004
PERFORMANCE WORKSHEET
Parameters Initial Value Present Value Standard Initial Tolerance
1.1004 Hz net loss dB dB dB dB
2. Attenuation To Hz dB| — daB| — + dB | — + dB
Distortion
To Hz + ds| — dB| — + dB | — + dB
To Hz + dB| — + aB| — + daB | — + dB
To Hz + dB| — + daB| — + a | - + dB
3. Envelope Delay To Hz (usec) (usec) (psec) (Hsec)
Distortion*
T Hz (usec) (psec) (sec) (usec)
To Hz (usec) (usec) (Hsec) (usec)
To Hz (usec) (pisec) (usec) (usec)
. Signal-to C- h
" Notse Ratio de de a8 de
5. Intermodulation- 2nd Order dB dB dB dB
Distortion® 3rd Order dB dB dB dB
6. Phase Jitter* 410 300 Hz deg deg deg deg
20 to 300 Hz deg deg deg deg
7. Impulse Noise* Counts
Minutes
Threshold dBRNCO
8. Peak to Average
Ratio (P/AR)
Comments/Notes:
1parameter applies only to lines used exclusively in data applications.
Date Signature

FAA Form 6000-14  (10/95)

LOCAL REPRODUCTION AUTHORIZED

NSN: 0052-00-916-2000
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FIGURE 5-1. SAMPLE OF FAA FORM 6000-14 WITH ENTRIES (Continued)

LINE TYPE CIRCUIT IDENTIFIER ACCEPTANCE DATE TESTING DATE
Sending Facility Receiving Facility CONFIGURATION
End-to-End Looped
PLOT AND FREQUENCY LEVEL
FREQUENCY (Hz)
[oNelololNolNolNolNoNolcloloNoNoNoNoNoNoloRolclo oo lNoNel
OO0 0O 00 QOO0 O0O0AQ OO0 00CCO0O0 000000000 00 000 oo
OO0 OO0 00 OO0 N MIFTUHOMDDO—-ANNITHOLONMNODOOO «— N M I O
N T OOV~ - - - - NNNANNANANANNNANOOONNDON
o
—
3z
>
w =
—w
w o
>0
wZ
EIJJ 1
m
xrs
A
NOTES:
FAA Form 6000-14 (10/95) (Side 2) LOCAL REPRODUCTION AUTHORIZED
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(j) Performance Worksheet Header. The
Initial Value column is obtained at the time of line ac-
ceptance. Present Value is the column in which parame-
ter readings from current testing will be entered. There-
maining two columns are provided for inserting the stan-
dard and initial tolerance limits for the particular type of
line aslisted in the blue pages of chapter 3.

(k) 1004-Hz Net Loss. Enter the net loss for a
1004-Hz tone. This value is computed from test tone
levels recorded under Line Test Set-up, and is computed
by subtracting the Receive Point level in dBm from the
Send Point level in dBm. A positive value (positive 10ss)
indicates that the received level is smaller than the send
level. (ALTE can make this normalization of readings to
1004 Hz and provide the results as output.)

(I) Attenuation Digortion. Enter the attenuation
digortion for each of the frequency bands specified in the
gandards and tolerances for the line type. Enter the appro-
priate frequency bands from the standards and tolerances in
the spaces provided. For each frequency band, note the
maximum and minimum test tone levels recaived for all fre-
quencies within this band. The difference, in dB, between
the highest test tone leved received and the 1004-Hz received
leve is recorded as negative attenuation distortion; the dif-
ference, in dB, between the lowest test tone level received
and the 1004- Hz received levd is recorded as podtive at-
tenuation digtortion. As an example, assume a 1004-Hz re-
ceived levd is - 13 dBm. The highest received level was a
2004-Hz tone of - 12 dBm, and the lowest received leve
was a 3004-Hz tone of - 16 dBm. Thisgives an attenuation
distortion of +3/- 1 dB.

(m) Envelope Delay Distortion. For lines used
exclusively in data applications, enter the envelope delay
distortion for each of the frequency bands specified in the
standards and tolerances for the line type. Enter the ap-
propriate frequency bands from the standards and toler-
ances in the spaces provided. For each frequency band,
note the maximum and minimum envelope delay times
recorded for all frequencies within the band. The differ-
ence, in neec, between the longest and shortest delay
times recorded, is the envelope delay distortion for that
frequency band.

(n) C-Notched Noise. Enter the C-notched
noise level, measured in dBRNC, on the first line. On
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the second line, enter the level corrected to the O TLP in
dBRNCO. In most cases, the noise will be measured at a
0 TLP, so these two levels will be the same number.

(o) Signal-to-C-Notched Noise Ratio. Some
test sets will display this reading automatically. If so,
this reading may be entered directly. If not, Signal-to-C-
notched noise ratio is computed by adding 90 dB to the
1004-Hz received leve recorded in Line Test Set-up and
then subtracting the recorded C-notched noise level from
thisvalue. Asan example, assume the 1004-Hz received
level is - 13 dBm and C-notched noise measured is 42
dBRNC. Signal to C-notched noiseisthen:

(-13+90) - 42=+77- 42=35dB

(p) Intermodulation Distortion (IMD). Enter
second and third order IMD as provided by the test set.

(q) Phase Jitter. Enter phase jitter measured
for the appropriate bandwidth(s).

(r) Impulse Noise. Enter the total number of
impulses counted, the number of minutes elapsed (nor-
mally 15) during which impulses were counted, and the
threshold setting corrected to the O TLP in dBRNCO in
block 9 on the form.

(s) Peak to Average Ratio (P/AR). Enter the
P/AR value from the test.

(t) Comments/Notes. This space may be used
to record relevant information such as exact types of
segments that make up a composite line or other data that
is not specified elsewhere on the form. If thisform refers
to a LINCS line for which there is a trouble ticket
opened, 